MEASURING THERMOELECTRIC 
POWER OF SILICON CARBIDE 


February 1961 
75¢ 


The industry’s broadest line of 


COMMUNICATIONS TRANSISTOR: 


COMMUNIcaTIONS TRANSISTORS 


Muription, © Rusia ae 
Video Arapifiers 


oe ie 
RP AM Pltiees 
Frequency anees 


ee — 
QALOET he 
ona BPE oe 

28897 D3 


$N1F28 
BNLys? 


ZRISRS 
LNISOR 
RR EKO? 

‘Oy 


20 KC-2 MC 


PLL GBR 
PBL2IB 
V4, E23. 


ee ee 


| BNd L538 
2 —— es 


LRS3t 


ee 


TRANSISTOR GUIDE 
FOR 
COMMUNICATIONS CIRCUIT DESIGNERS 


You’ll find one Exactly Right 
for your requirements 


Whatever your specific requirements... in 
gain, noise figure, AGC and other electrical 
characteristics .. . you’ll find a Phileo communications 
transistor that meets your needs precisely. 

: Unlike other manufacturers, who offer only limited 

Transistor Guide lines of ‘‘general-purpose’’ transistors, Phileo designs and 

for Communications Circuit Designers Produces transistors to meet specific requirements. Phileco can 
do this only because the exclusive Philco Precision-Etch* 

To make it faster and easier for you to find the —_ process of manufacture permits precise control of all 

Phileco communications transistor that best parameters and absolute uniformity. 

meets your needs, put this new guide to work To increase circuit efficiency and reliability, to reduce cost 

for you. 12 pages of application information, | and to make your design easier . . . look first to the Philco 

descriptions of major types and a complete line, which offers you the industry’s widest range of 

selector chart will speed your work. For your communications transistors. You’ll find one 

copy, write Dept. SP261. exactly right for your requirements. *Trademark Philco Corp. 
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THERMOELECTRIC MATRRIAE 


EPITAXIAL GERMANIUM WAFERS. 


EPITAXIAL SILICON WAFERS 


POLYCRYSTALLINE 


SILICON 


SINGLE CRYSTAL SILICON 


HITCH YOUR 
SOLID-STATE DEVELOPMENT 
TO A MATERIALS 
RESEARCH STAR 


Your profits in the next decade will be greatly benefited by the right choice of supplier of solid-state materials. 
he key question is what criteria to use in making the choice. The simplest, most reliable criterion has to be PAST PERFORMANCE. 


Judged on this basis the Electronic Chemicals Division of Merck & Co., Inc. deserves your attention. In just four short years, it has 
achieved these exclusive major breakthroughs: 


958 Float zone, vacuum refined, doped single crystal silicon - 1959 Z-Met Thermoelectric materials 


960 Epitaxial silicon N+ N wafers and IIl-V Compounds - 1961 Epitaxial germanium P+ P wafers 


When you hitch your product development to Merck 
materials research you are enlisting a proved pro- 
ducer. If you want to be the first to exploit new = 
solid-state materials breakthroughs, join the ranks MERCK & CO, Inc. - ranway. New JERSEY aN 
of Merck customers today. Write, wire or phone your i\ : 
needs, problems, hopes. RESEARCH and PRODUCTION FOR BETTER SOLID-STATE MATERIALS 


*Trademark 


Electronic Chemicals Division 
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Front Cover 


G. Harman of the National Bureau of Standards positions a small 
platelet of silicon carbide (0.6 x 0.25 x 0.008 em) mounted between 
2 electrical contacts. The specimen is backed with a special glass, 
which provides mechanical support. Thermocouple leads have been 
attached to the sample with a gallium-copper alloy developed by 
the National Bureau of Standards. This alloy is soft at the time of 


mixing, and resists temperatures to 900° C after hardening. The ap- 
paratus shown is designed to meas 


Ge . 

s ure the thermoelectric power of 
ER | the specimen. = 
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Electronic 
Chemicals 


do you need? 


Check your requirements against General Chemical’s ex- 
tensive line of B&A® “Electronic Grade” chemicals. Prin- 
cipal products are listed here—and there are many others 
too! You'll find that “B&A”—America’s leading line of 
“Electronic Grade” chemicals—is your best single source 
for all your high purity chemical needs! 


As America’s foremost producer of laboratory and custom 
chemicals, General Chemical has the wide range of prod- 
ucts, the versatile production facilities, and the specialized 
experience to meet virtually every electronic chemical 
need! Write today for our free information folder, “B&A 
Electronic Chemicals.” Gives specifications plus other 
valuable information. 


llied 


hemical 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 


Baker & Adamson® “‘Electronic Grade” Chemicais 
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For Etching 

O Acetic Acid—Reagent, A.C.S. 

O Ammonium Bifluoride—Technical 

(1 Ammonium Fluoride—Reagent 
Bromine—Reagent, A.C.S. 
Glycerin--Reagent, A.C.S. 

Hydrochloric Acid—Reagent, A.C.S. 
Hydrofluoric Acid—Electronic Grade 
Hydrogen Peroxide (Stab.)—Electronic Grade 
Nitric Acid—Reagent, A.C.S. 


Potassium Hydroxide Pellets and Solution— 
Electronic Grade 


(J Sodium Carbonate—Electronic Grade 


(0 Sodium Hydroxide Pellets and Solution— 
Electronic Grade 


0 Sulfuric Acid—Reagent, A.C.S. 


Doi 


As Solvents: 

(0 Acetone—Electronic Grade 

O Alcohol, Ethyi—Reagent 

(0 Carbon Tetrachloride—Electronic Grade 
(0 Ether—Electronic Grade 

0 Methyl Alcohol—Electronic Grade 

(] Propyl Alcohol Ilso—Electronic Grade 

O Trichloroethylene—Electronic Grade 

O Xylene—Reagent, A.C.S. 


In the Production of TV Tubes: 

(0 Barium Acetate—Electronic Grade 
1) Barium Nitrate—Electronic Grade 

(7 Calcium Nitrate—Electronic Grade 
O Strontium Nitrate—Reagent, A.C.S. 
OJ Aluminum Nitrate—Electronic Grade 


For Semiconductor Production: 

(1) Germanium Dioxide—Electronic Grade 
(1 Germanium Metal—Electronic Grade 
OO Nickel Chloride—Reagent, A.C.S. 

( Nickel Sulfate—Reagent, A.C.S. 

( Sodium Hypophosphite—N.F. 


For Post Treatment of Semiconductors: 
0 Hydrogen Peroxide—Electronic Grade 


For Capacitors: 
O Ammonium Hydroxide—Reagent, A.C.S. 
O Boric Acid—Reagent, A.C.S. 


C1 Manganous Nitrate—Reagent, A.C.S., 
Electronic Grade 


O Oxalic Acid—Reagent, A.C.S. 


For Phosphor Production: 
0 Zinc Sulfide 


For Gaseous !nsulation: 
(4 Sulfur Hexafluoride 


Sylvania Germanium Scrap Refining... | 


can save you a batch of headaches 


It’s easy: simply send your germanium scrap back to Sylvania 
for refining. You save over half your initial germanium cost 
when you do. You save the headaches of buying and maintain- 
ing expensive equipment. You save the expense of hiring and 
training special manpower. You save time and space that you 
could put to better use in the manufacture of devices rather 
than raw material processing. To top it all, you get the un- 
equaled facilities, specialized experience and know-how of the 
Sylvania staff—at no extra cost to you! 


The Sylvania process is the most efficient way to refine ger- 
manium scrap. It is not a “‘batch’’ process. A// scrap .. . bar 


q 


ends, crystal heels, sludge . . . goes through the same chemical 
processing that produces virgin germanium. 


The Sylvania process is quick too. Our improved, expanded 
facilities now offer complete service in an average of two weeks 
(often less), from receipt of scrap to shipment of refined 
material of the highest quality. ' 
Custom zone refining is also available. In many cases, Syl 
vania provides this service at prices well below the device 
manufacturer’s own costs. At all costs, get the facts from: 


Chemical & Metallurgical Division, Sylvania Electric Products 
Inc., Towanda, Pennsylvania. 


‘ 
A 
{ 
‘ 
¢ 


Subsidary of GENERAL TELEPHONE & ELECTRONICS Ss) 
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HI-PURITY...HARD-DENSE 
CARBON and GRAPHITE for 


e* WN Ss 


@ PROVIDES OUTSTANDING 
OVEN LIFE 


@ RESISTS OXIDATION AND 
MECHANICAL EROSION 


The Pure Carbon Company has com- 
plete facilities for the precision man- 
ufacturing of all types of boats and 
fixtures in *Grade L-56 and other out- 
standing materials. We have also pio- 
neered the manufacture of small, 
extremely accurate emitter and collector 
washers, header weights, etc., in **Grade 
P-1. 

“The most widely 
used electro-graphite 


in the semi-conduce 
tor industry 


** Molded - to -size carbon 
graphite with dense, smooth 
surfaces and chip-free edges 


a 


EMITTER and COLLECTOR WASHERS 


Yi 
Yizl 


Write for complete information» and. quotations 


PURE CARBON COMPANY, INC, 


449 HALL AVE. ST. MARYS, PENNSYLVANIA 


Sectional view of 
typical configuration 
shown 20X size 
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This is the kind of performance Britton Electronics, Inc, 
Mount Vernon, N. Y., is happy to report. This is the kind} 
it gets from a Hevi-Duty Split Conveyor furnace. The: 
furnace for the fluxless soldering of silicon rectifiers. 


tae re) E ad eS at Since installing the Hevi-Duty unit, rejects have been 
reduced from 15 percent to .8 percent. Further, it used 
to be necessary to “burn out” impurities about once 4 
ey oy = a % month in order to hold their 85 percent yield. The Hevi- 
Duty furnace has operated for 7 months, has held its 99.2» 
5 rl ea percent yield and has never required burning out. ‘| 


The Hevi-Duty furnace operates 10 hours a day usinga | 
7 hydrogen atmosphere with nitrogen end curtains. It has % 

boa evi = D uty a production capacity of 6,000 units per hour; its current 
production is far more than the combined output of the 


con veye §* _—two furnaces previously used. 


Chances are there is a Hevi-Duty furnace that’s just 7 

fu rm ace “made” for your operation. If not, give us your require- || 
ments and there will be. For more information, write for” 

bulletins 459 and 357. . 


Hevi-Duty, 


the Long Line of 


the Furnace Industry. i" 
Division of 


Basic Products 
Corporation 


Hevi-Duty Electric Company, Watertown, Wis 


Electric and Fuel- Fired 
Industrial Furnaces and Ovens 
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Highest purity precisely defined 


to meet critical electronic manufacturing needs 
| 


J.T. Baker 


ELECTRONIC 
CHEMICALS 


SEMI-CONDUCTOR CHEMICALS ‘Baker Analyzed Keagentt 


THE J. T. BAKER ELECTRONIC CHEMICALS listed below offer you 
FERRITE AND the highest standards of purity in the industry—proved by 
THERMISTOR CHEMICALS the most informative labeling in the industry. Every ‘Baker 

Analyzed’ label provides an Actual Lot Analysis that de- 

fines purity to the decimal; many also provide an Actual 

Lot Assay. Your variables are minimized... rejections are 
EMISSION CHEMICALS fewer... product performance is improved. 


IMPORTANT. ‘Baker Analyzed’ Reagents have consistently 
met or exceeded the requirements of the electronics indus- 
try. Through a continuing program of establishing addi- 
tional and more stringent specifications, the ‘Baker 
Analyzed’ label consistently defines a degree of purity so 
high that special electronic labeling is unnecessary. Prices 
are economical ...deliveries are prompt and dependabie 
in each marketing area. 


J.T. BAKER ELECTRONIC CHEMICALS 


Acetic Acid, Glacial 


Cobalt Carbonate Nickelous Nitrate 


Acetone Cobalt Oxide Nickelous Sulfate 
Aluminum Nitrate Cobalt Nitrate Nitric Acid 
Aluminum Sulfate Ether, Anhydrous Petroleum Ether 
Ammonium Carbonate Hydrochloric Acid Potassium Dichromate 
. Ammonium Chioride Hydrofluoric Acid Potassium Hydroxide 
Yours for the asking — Ammonium Hydroxide Hydrogen Peroxide, * iso-Propyl Alcohol 
4 Ammonium Phosphate 30% and 3% Solution Radio Mixture No. 3 
Important guide to Antimony Trioxide Lithium Carbonate Silicic Acid 
° ° Barium Acetate Lithium Chloride Sodium Carbonate 
electronic chemicals. safer Corbeniale. ow Ubon Maca Sodium Chloride 
Barium Fluoride Lithium Sulfate Sodium Hydroxide 
Describes J. T. Baker chemicals of exceptional Barium Nitrate Magnesium Carbonate Sodium Phosphate Dibasic 
purity for semi-conductors, vacuum tubes, fer- Benzene Magnesium Chloride Strontium Carbonate 
rites, thermistors, etc. Also includes specification Boric Acid Magnesium Oxide Strontium Nitrate 
sheets that define the high standards for ‘Baker Cadmium Chloride Manganese Dioxide Sulfuric Acid 
Analyzed’ Reagents. Write for your complimen- Cadmium Nitrate Manganese Nitrate Toluene 
tary copy today. Cadmium Sulfate Manganese Sesquioxide _Trichloroethylene 
a Calcium Carbonate Manganous Carbonate Triple Carbonate 
Bak Calcium Chloride Methanol Xylene 
ex Calcium Fluoride Nickel Carbonate Zinc Chloride 
< Calcium Nitrate Nickel Oxide, Black Zinc Nitrate 
Calcium Phosphate Nickel Oxide, Green Zinc Oxide 


Carbon Tetrachloride Nickelous Chloride 


J.T. Baker Chemical Co. 


Phillipsburg, New Jersey 
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Now...G-E Unijunction Transistors 
give you silicon performance 
at germanium prices 


Typical Circuit Comparisons—Because of its unique characteristics, one unijunction 
transistor can often replace two conventional transistors with significant savings in 
overall circuit cost. You can simplify circuit requirements and at the same time achieve 
improved stability over a wide temperature range. 


The 2N1671A and 2N1671B offer guaran- 


teed characteristics for firing General Electric 


Silicon Controlled Rectifiers. Supply voltages 
and component values are easily determined 
from a single graph on the specification sheet. 


Transistor Time Delay Circuit 
3 transistors* 

1 diode 

1 Zener diode 

1 relay 

2 capacitors 

8 resistors 


Transistor Voltage Detector 
2 transistors* 

1 potentiometer 

2 capacitors 

5 resistors 


SAVINGS: 


SAVINGS: 


Unijunction Circuit Equivalent 
1 unijunction transistor 

1 Zener diode 

1 relay 

1 capacitor 

4 resistors 


$3.30 (*germanium transistors) 
$16.50 (*silicon transistors) 


Unijunction Circuit Equivalent 
1 unijunction transistor 

1 potentiometer 

1 capacitor 

3 resistors 


$0.40 (*germanium transistors) 
$9.20 (*silicon transistors) 


Types 2N1671, 2N1671A, and 2N1671B are the 
latest additions to the General Electric line of 
silicon unijunction transistors . . . at a price 
comparable to germanium transistors. A unique 
type of semiconductor device proved in over three 
years of production and application, silicon uni- 
junction transistors feature stable negative re- 
sistance characteristics, extremely low trigger 
currents, stable trigger voltages, and high pulse 
current capabilities. 

The 2N1671 is intended for general purpose 
industrial applications where circuit economy is 
the prime consideration. The 2N1671A features a 
guaranteed minimum pulse amplitude, and is 
characterized for use in firing circuits for Sili- 
con Controlled Rectifiers. The 2N1671B features 
low emitter leakage current and low trigger cur- 
rent, making it the most sensitive semiconductor 
triggering device available. 

Price reductions have also been made on 


standard unijunction types 2N489 through 
2N494. For complete technical data and appli- 
cation information for all unijunction transistor 
types, see your G.E. Semiconductor District Sales 
Manager. Or write section 84B87, Semiconductor 
Products Dept., General Electric Company, Elec- 
tronics Park, Syracuse, New York. In Canada: 
Canadian General Electric Company, 189 Duf- 
ferin Street, Toronto, Ontario. Export: Interna- 
tional General Electric Company, 150 E. 42nd 
St., New York, N. Y. 


CONDENSED SPECIFICATIONS OF 
UNIJUNCTION TRANSISTORS 2N1671, A, B 


Maximum Total Power Dissipation 450 mw 
Opeating Temperature Range —65°C to 140°C 
Intrinsic Standoff Ratio (m) 0.47 to 0.62 
Interbase Resistance (Rpp) 4.7K to 9.1K 
Peak Point Emitter Current (Ip) 2N1671,A 25 Wa max. 
(Ves= 25 volts) 2N1671B 6 ua max. 
Emitter Reverse Current (leo) 2N1671,A 12 wa max. 
(Vep2= 30 volts) 2N1671B 0.2 pa max. 


Base—One Peak Pulse Voltage 2N1671A,B 3 volts min. 
(In SCR circuit shown, Vi=20V, Ci=0.2 ufd, Rei =20Q) 


For fast delivery at factory-low prices, call your G-E distributor. 


Progress /s Our Most /mportant Product 


GENERAL GQ ELECTRIC 
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ILICON NEWS from Dow Corning 
(PART 2) 


Ihe Untouchables 


+ ity Dow Corning single crystal silicon is pro- 
a ingle Crystal Silicon eee § duced by vacuum oe cena hyper-pure he 
° crystalline rod. Result: The purest silicon pro- 
Y he “Pinnacle of Purity” duced! Typically, impurity at is only 0.15 
part per billion of boron for crystals that are 
= consistently above 1000-ohms centimeter resist- 
ivity. Boron content is even lower for crystals of 
2000-ohms centimeter and above. . . available on 
a selective basis. 


This highest purity P-type silicon is the re- 
sult of a completely integrated processing facil- 
ity that starts with the production of trichloro- 
silane and ends with the crystals heat-sealed in 
airtight polyethylene envelopes. Purity and qual- 


ity control dominate every step — in producing 
the basic chemicals . . . in growing polycrystal- 
line rod . . . in vacuum zone refining . . . in 
product evaluation and in packaging. 

Purity pays off .. . in rectifiers and diodes 
having higher peak inverse voltage ratings — in 


maximum utilization because of uniform lateral 
and radial profiles over the entire length of 
the rod. With Dow Corning single crystal rod, 
you're assured of maximum yield and mini- 
mum waste per rod. Rod diameter variation is 
controlled to less than 1.4 mm (0.055 inches) — 
simplifying mechanical preparation for either the 
diffusion or alloying process. 


Hyper-pure silicon for every need is now 
available from Dow Corning. If you grow your 
own crystals from polycrystalline chunk using 
the Czochralski method . . . if you zone refine 
polycrystalline rod . . . if you need 1000-ohm 
centimeter or better resistivity in single crystal 
P-type — Dow Corning should be on your pre- 
ferred source list. 


Each Dow Corning single crystal rod is checked 
for resistivity over its entire length. Resistivity 
and lifetime profiles, like those shown below, 
are supplied with each crystal. 


. RESISTIVITY, LIFE-TIME AT 25C 
| 


f i 


f=] RESISTIVITY, OHM-CM 


INCHES FROM SEED END 


0 v9 10 Ss 20 a5 
CENTIMETERS FROM SEEO END 


Write for “Hyper-Pure Silicon HYPER-PURE SILICON DIVISION 
for Semiconductor Devices.” Address: HEMLOCK, MICHIGAN 


Address Dept. 8214. + 
Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, D.C, 


Circle No. 13 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e FEBRUARY 1961 9 


Some facts of supreme 
importance to 
manufacturers of 
semiconductor devices 


How leading producers capitalize on Alpha technology to increase their yield 


A number of major producers were already being sup- 
plied with aluminum spheres when they placed test 
orders for Alpha preforms. Result? Their percentage of 
usable silicon alloy diodes rose impressively. Today these 
companies are confirmed users of Alpha products. 

In case after case, manufacturers who have switched 
to Alpha preforms of pure aluminum and aluminum 
alloys, as well as Alpha preforms of other metals and 
their alloys, report experiences as satisfactory as these. 


It’s the difference that counts! 
What makes Alpha aluminum preforms so unique? The 
care with which they are produced. 

As with all Alpha products, aluminum and aluminum 
alloy discs, spheres, washers and cut wire segments go 
through repeated, rigorous quality controls and counter 
checks. Each lot is spectrographically analyzed for ad- 
herence to your purity specifications. Alpha’s spectro- 
graphic check is so accurate, it reveals the presence of 
unwanted elements such as magnesium and mangariese 
even when present in quantities as minute as 1 part 
per 1,000,000! 

In addition to this purity check, each lot is analyzed by 
exact quantitative techniques. This safeguards the alloy’s 
homogeneity. It also insures that the minor constituent 
is present in the precise amount required. 


Check and double check 
Another indication of the care with which these aluminum 
preforms are made is the special microscopes Alpha uses 
to check dimensional accuracy. Spheres as large as 14” 
and as small as .003” and discs and washers as thin as .0005” 
are checked for precise conformation to specifications. 


As a further dimensional safeguard, a comparator cast- — 
ing an image 100 times the preform’s actual size is used. 

To assure freedom from surface contaminants, all” 
Alpha preforms are processed through etching and vapor 
degreasing equipment. Every scintilla of foreign matter 
is effectively removed! 


Only Alpha has it 
Alpha cut segments are produced in pieces as small as © 
008” dia. x .016” long. Alpha engineers designed and ~ 
built the machinery to do this; only Alpha has it! 
Wire of 99.99+% purity is put through this equipment. 
Not only are the resulting pieces uniformly straight but 
the ends are cut square and parallel. 


Increasing your usable output 


These controls would satisfy most preforms suppliers— 
but not Alpha. Again and again, quality is controlled and 
checked by skilled technicians using the finest optical 
and mechanical equipment. The results reflect themselves 
in preforms of aluminum and other ultra high purity 
metals that, in case after case, increase the percentage 
of usable semiconductor devices. 

Alpha preforms can help your output too. For current 
quotations on spheres, discs, cylinders, cubes, washers, 
rings and special shapes, write today. Describe alloys, 
dimensions and quantities wanted. 


WHEN DEPENDABILITY COUNTS! 


ALPHA METALS, INC. 


56 Water St., Jersey City 4, N. J. 


In Los Angeles, Calif. 
2343 Saybrook Ave. 


In Chicago, III.: 
Alphaloy Corp. 

2250 S. Lumber St. 
Other Alpha products: Strip with Continuous Conductive Coating, high purity dots of silver 
indiuni, cadmium, tin, lead and their alloys in shapes to your needs. 
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in slicing semiconductor material... 


_ Now...switch to 3%” diameter diamond wheels 
to slice 1° diameter crystals on 


df 


Yy 
7 


WAFERING 
MACHINES 


maa 
» 4 


featuring the NV 7 A/ TYPE 9 
MCARTRIDGE SPINDLE' 


cromech’s newly-designed Type 2 Cartridge This specially-engineered spindle mounts a 3 42’ diamond 
bindie permits the use of thinner, smaller- 

ameter diamond wheels for slicing germanium wheel in place of the usual 5’’ wheel to give from 40% 
id silicon. Provides top wafering efficiency with 
sneels of all sizes, too! 


4 


to 100% more slices per 1°’ diam. crystal .. . reduce kerf 


loss by 28% to 47%! 


Micromech’‘s 312‘’ diameter blades—in .010" thickness— 
can save from .004” to .009” per slice...add up to 
savings of $200.00 a day! 


Moreover, the 3%2‘’ wheel allows cutting speeds up to 
3" per minute... increasing production while decreasing 


loss of material. 


Type 2 Cartridge Spindle is now standard on Micromech 
mechanical and hydraulic automatic wafering machines. 


Write today for detailed information, 


Micromech 
Diamond Wheels 


Micromech stocks 3'2'’ diamond wheels for the 
economical and fast slicing of all semiconductor 
materials, 


Wheels also available in other popular and odd 
sizes, DIT and DITRS types. Precision manufacture 
to close tolerances assures accuracy of cut and 
long life. 


natin aan CRO 
ommerce 
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SILICON NEWS from Dow Corning 
(Part 3) 


The Untouchables 


Single crystal silicon . . . doped to your specifie 


Now. ee Single Crystal Silicon needs . . . is now available from Dow Corning, 
Doped to Your Specification Rigid quality control of Dow Corning Silicon 


means greater device yield for you! And you 
achieve uniformity in device characteristics 
the result of greater uniformity in characteristics 
from rod to rod, greater lateral and radial uni- 
formity within each rod. 


This high quality is the result of a completely” 
integrated production process — a process that 
starts with the manufacture of trichlorosilanes 
and other chemicals basic to silicon production, 
And at every step of the way, rigid quality con- 
trol assures the ultimate in quality—purity. 


Doped to specification single crystal Dow 
Corning Silicon contains in the order of 0.1 
atoms of minority impurity per billion atoms of 
P-type material . . . about 0.15 atoms of minority 


‘ 4 impurity per billion atoms of N-type material. 


Low oxygen content of Dow Corning Silicon 
reduces the undesirable effects on lifetime asso- 
ciated with the diffusion process. Result — few 
rejects . . . increased device yield! In the pic- 
ture at left, infrared transmittance at 9 microns 
is measured to determine oxygen content. Many 
materials register at pencil point—much higher 
than Dow Corning Silicon. 


Crystal orientation is normally 111, but can be ~ 
to your specification. 


Specify Dow Corning single crystal silicon — 
doped to your requirements. Specific resistivities — 
within narrow tolerances from one to 1000-ohms 
centimeter P-type . . . one to 400-ohms centi- 
meter N-type. Rod diameters from 3 to 25 mm 
(1/8” to 1”) lengths to 250 mm (about 10”). 


Whatever your need — polycrystalline rod or 

chunk; high resistivity P-type single crystal rod; — 

OXYGEN CONTENT — _ single crystal rod doped to your specifications — 
OD Dow Corning should lead your list of sources. 


RESISTIVITY, LIFE-TIME AT 25°C 


+ 


= 
a [wren MICROSECONDS _ 
: = 
== == 
= = 
= SSS 
nee 
7 ‘CENTIMETERS FROM SEED END 
Write for “Hyper-Pure Silicon a 
for Semiconductor Devices.” HYPER-PURE SILICON DIVISION 
Address Dept. 8214a. Address: HEMLOCK, MICHIGAN 


Dow Corning CORPORATION 
MIDLAND, MICHIGAN 


ATL 
ANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, D.C. 
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SILICON OR GERMANIUM 


ELIMINATE 
MACHINE 
VARIABLES 


WITH THE NEW 


MODEL 612 SLICER, 


EID engineers working with technicians from their own electronic con- 
rols division have designed and built this machine to answer the need 


f the semi-conductor industry. The Model 612 Slicer has a cross feed 
ndex within +.0001. The unique application of the PW-4 Post Decitron 
ounter controls this repeatability accuracy of the cross feed increment. 
eatures . . . variable speeds . . . faster ‘‘slug set-up’. . . and easy to 
ead dial setting. 

The Reid Model 612 Slicer is driven by a DC motor and controlled by 
ull wave rectified AC with DC ripples filtered in an LC circuit. AC power 
supply is regulated with the Voltage Regulator Transformer. 


b be ip FOR YOUR RELIABILITY-FACTOR GET ALL THE DETAILS ON 
THIS ALL-IMPORTANT NEW TOOL. FOR A DEMONSTRATION 
APPOINTMENT CALL W.P. FERGNANI IN BEVERLY, MASS. 


WALKER 2-0811 


Manufacturers of precision surface grinders for production and toolroom needs 


REID PRECISION SURFACE GRINDERS 


REID BROTHERS COMPANY, INC. / 135B ELLIOTT ST. / BEVERLY, MASSACHUSETTS: 
Cc 
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Horizontal Zone Scanner for zone purifica- Low Temperature Furnace for solar Vertical Floating Zone Scanner for accural 


tion of metallic germanium and other cells and treatment of metals. and precise production of hyper-pure sem 
metallic and organic materials. conductor materials and metals. 


Batch Type Atmosphere Furnace for We can engineer and produce refractory designs High Temperature Crucible P 
low temperature alloying. and mixes—dishes, boats, crucibles of zircon, zir- Furnace for melting. Maximun 
conia, alumina, pure oxides, etc., for specific needs. temperature 1600°C. 


Lindberg nx 


comprehens! 


Hydrogen Atmosphere Furnace for reduction 
of germanium oxides and other materials. Hump Type Meskibet Conveyor Furnace for 


precision alloying of transistors and diodes. : 


T gh Temperature Tube Fur- 
Tce for germanium ingots. 


becision Gas Diffusion Furnace with 
Itiple controls for quality transistor 
¢d semiconductor bodies. 


Dual frequency unit for zone 
refining, one of a complete 
line of induction heating units. 


High Temperature Gas-Tight Box 
Furnace for solar cells. 


Mechanical Pusher Type Furnace for production 
of transistors by gas diffusion. 


Vacuum unit for gas diffusion in 
alloy muffle or refractory. 


ars the most advanced designs, the most 
>, in efficient, precise, production equipment. 


Semiconductor and electronics manufacturers now can 
ind in Lindberg one experienced source for dependable 
squipment for production of semiconductors, solid state 
ind other electronic devices. The past several years a 
special staff of our experienced electronic, mechanical and 
slectrical engineers, metallurgists, ceramicists and chemists 
has concentrated on the design and development of im- 
proved equipment for these uses. This group of experts, 
with many year’s experience in all phases of the applica- 
tion of heat to industry, plus Lindberg’s comprehensive 
research facilities provide the right combination to keep 
pace with the expanding requirements for reliable, efficient, 
precision equipment in these rapidly growing industries. 


Shown here are some Lindberg units now in operation in 
plants throughout the country. We believe they provide 
collectively the most comprehensive line available today. 


All of this equipment is operating in our research labora- 
tories. We invite you to visit us, meet our able research 
staff, see at first hand—from crystal growing, to purifying 
materials, to finished product—how Lindberg offers a com- 
plete and outstandingly competent source for consultation 
on your semi-conductor or electronic production prob- 
lems. For additional information please get in touch with 
your local Lindberg representative (See your classified 
phone book) or write directly to us. 


Semiconductor Division 


LINDBERG ENGINEERING COMPANY - 


nia. In Canada: Birlefco-Lindberg Ltd., 15 Pelham Ave., Toronto 9, Ont. 


Los Angeles plant: 11937 S. Regentview Avenue, Downey, Califor 
Also, Lindberg plant 


s in Argentina, Australia, England, France, Italy, Japan, 


2489 West Hubbard Street, Chicago 12, Illinois 


South Africa, Spain, Switzerland and West Germany. 
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You can do MORE with the 
NEW TEKTRONIX C-12 CAMERA 
than you can with any other 
Oscilloscope Camera 


... picture this 


f | J family of characteristic curves 
| y (or NPN transistor). 


Damped sine wave (multiple ex- 
posure using all 5 detent 
g positions). 
Typical hysteresis loops (multiple Z 
exposure of varying amplitudes). 


Comfortable viewing — 
with or without glasses 


Swing-away hinging : 


.. Only with this 


C12 CAMERA 


The C-12 Camera combines flexibility with simplicity. It offers 
you new convenience in undistorted viewing and direct record- 
ing of oscilloscope traces. 


Here's why: 


You can use Polaroid* or any conventional film. 


You can use the unique sliding back, adjustable to horizontal or 
vertical. On this sliding back, you can interchange the par- 
focal, film-holding backs, lock them securely in 5 detent 
positions, also rotate them thru 90° increments (with the long 
axis of the film horizontal or vertical). 


You can choose from 8 easily-interchangeable lenses — in vary- 
ing object-to-image ratios and maximum aperture to £/1.5. 


The lenses are housed in uniform, pre-focused, calibrated For more information about these and other features of the 
mounts with keyed threads — so the shutter-speed and new C-12 Camera ...and the many accessories designed 
diaphragm-opening controls always appear at the same ac- for specialized applications . . . call your Tektronix Field 
cessible position on the camera. Engineer. 

C-T2S CAMERA sy terion ee he $500 


T k I | 
Includes: f/1.9 Lens (with 1:0.9 object-to-image ratio) complete with e fron IX, n C e 


cable release, Focusing Back, Polaroid* Back, and Minute Timer. 


P.O. Box 500 * Beaverton, Oregon 
Phone Mitchell 4-0161 * TWX—BEAV 311 * Cable: TEKTRONIX 


*Registered by Polaroid Corporation. 


TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. + Atlanta, Ga. « Baltimore (Towson, Wvia.) + Boston (Lexington, Mass.) * Buffalo, N.Y. « Chicago (Park Ridge, lll.) « Cleveland, Ohio « Dallas, Texas * Dayton, Ohio 
Denver, Colo. * Detroit (Lathrup Village, Mich.) + Endicott (Endwell, N.Y.) * Greensboro, N.C. + Houston, Texas « Indianapolis, Ind. Kansas City (Mission Kan.) - Los Angeles Area (East Los Angeles Calif 
Encino, Calif. * West Los Angeles, Calif.) Minneapolis, Minn. « New York City Area (Albertson, L.I., N.Y. * Stamford, Conn, « Union, NuJ.) Orlando ci * Philadelphia, Pa. + Phoenix (Scottsdale Ariz.) 
Poughkeepsie, N.Y. » San Diego, Calif. » San Franc (Palo Alto, Calif.) * St. Petersburg, Fla. » Syracuse, N.Y. »* Toronto (Willowdale, Ont), Canada « Washington DC (avnandale Va.) y 
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon + Seattle, Washing : ; 


ton. Tektronix is represented in twenty overseas countries by qualified engineering organization= 


In Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, Guernsey C.l., for the address of the Tektronix Representative in your count 
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OGIC FOR DIODES: 


GET 
ULTRA-FAST ale 
SWITCHING 
WITH 
SEMIMETALS’ 
LOW-LIFETIME a 
1-TYPE GERMANIUM 


WwW 


. Semimetals produces gold-compensated germanium in 
: extremely uniform N-type crystals. This proven material gives 
you highly reproducible results from batch to batch of diodes, 
no matter when you buy the monocrystals. Storage times are 
so brief that ultra-fast switching in the low nanoseconds is 
readily obtainable in your devices. 

We believe, from experience, that our methods of 
gold-doping and crystal growing are the most reliable and 
uniformly effective known. Naturally, we also hold precise 
tolerances on other doping materials added to specification. 
if you ‘are manufacturing or planning to manufacture ultra- 
high-speed diodes, see ‘the prime source: Semimetals. 

Also producers of high-quality monocrystal germanium and 
germanium or silicon infrared materials. Deliveries excellent 
on all materials. s 


METALS, INC. 133-2091stAvenue +» Richmond Hill 18, New York + AXtel 7-0200 
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FOR PRECISION WELDING 
OF TRANSISTORS AND COMPONENT 


RAY THEON’S 
MODEL “M” 
WELDING HEAD 


Newest 
development 
in precision 
welding 

of miniature 
parts. 


The ““M” head—Raytheon’s completely 
new precision welding device—assures 
consistent welding performance even "4 
when joining miniature parts. The 
secret is the advanced design that 
achieves relatively low welding currents 
and electrode pressures. 


The new head has extremely fast action 
and a new low-impact anti-hammer 
arrangement that extends electrode life 
many times. It has an air chamber that 
provides for a deflection of less than 
.003 inch under full pressure. 


The “M” head—thoroughly tested in 
transistor production—can be mounted 
horizontally or vertically and is adapt- 
able to dial feed or in-line feed for 
automated production. 


THE UNIQUE ADVANTAGES of an 
“M” head installation will be obvious 
to you after reading the latest technical 
bulletins. Write for them today to 
Raytheon Company, Commercial Ap- 
paratus & Systems Division, Produc- 
tion Equipment Department, 1415 
Boston-Providence Turnpike, Nor- 
FEATURES wood, Massachusetts. In Canada, Ray- 


theon Canada, Waterloo, Ontario. 
: e Can be used with any welder 


e Horizontal or vertical operation 
e Adaptable to dry box installations 
® Quick, easy servicing, 

electrode changing 


e Adjustable linear bushing RAYTH E O N 


and electrode alignment 


©.Long electrode life G O M PA N Y 


Minimum deflection 


COMMERCIAL APPARATUS 
& SYSTEMS DIVISION 


A complete line of precision welding equipment for the electronics industry 
P Circle No. 21 on Reader Service Card 
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VEW SLANT ON DIODE LEADS 


Steps up reliability... cuts shrinkage 


ow for the first time, Sylvania makes available mass 
-oduction quantities of diode Dumet lead wires by uti- 
ting its fully automated production facilities. A typical 
ad wire features a slug made from specially developed 
yivania diode Dumet .040” in diameter x .100” long. 
pigtail wire is concentrically welded to it and measures 
20’ in diameter and up to 114” long. 

esult ? Semiconductor device manufacturers are assured 
f improved component reliability, significantly less 
rinkage, and small packages. You get better heat dis- 
pation from the semiconductor device, and may now 
te your devices at a higher wattage. (Naturally, the 


size of the slug and the wire can be tailored to your 
specifications within limits.) 


This is just one more advance in welded assemblies from 
Sylvania. And whether you need hand-welded, semiauto- 
matic or fully automatic production techniques, Sylvania 
can do all to meet your requirements. At Sylvania, too, 
unique quality control is assured throughout. 


For full details on the new Sylvania diode lead—plus 
welds, cans, headers, connectors, and alloy cuts and leads, 
just. write Sylvania Electric Products Inc., Parts Divi- 
sion, Warren, Pennsylvania. 


subsidiary of GENERAL TELEPHONE & ELECTRONICS \s3) 
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Ss. S. White Industrial Division 
Dept. 31A, 10 East 40th Street, New York 16, N.Y. 


FOR SUPER-FINE CUTTING 


OF HARD, BRITTLE 


MATERIALS... 


™ £6 Industrial 

@ . . s 
thie Airbrasive Unit 
We don’t recommend slicing up the family’s fine Limoge China, but this 
does illustrate the precisely controlled cutting action of the S. S. White 


Airbrasive Unit. Note how clean the edge is, and how the delicate ceramic 
decoration is unharmed. 


The secret of the Airbrasive is an accurate stream of non-toxic abrasive, gas- 
propelled through a small, easy-to-use nozzle. The result is a completely cool 
and shockless cutting or abrading of even the most fragile hard materials. 


Airbrasive has amazing flexibility of operation in the lab or on an automated 
production line. Use the same tool to frost a large area or to make a cut as 
fine as .008”!... printed circuits...shaping and drilling of germanium and 
other crystals...deburring fine needles...cleaning off oxide coatings... wire- 
stripping potentiometers...engraving glass, minerals, ceramics. Jobs that 
were previously thought impossible are now being done. 


Send us samples of your “impossible” jobs and we will 
test them for you at no cost. 


lm SEND FOR BULLETIN 6006 
: ...complete information. 


LMhite 


New dual 
Model D! 
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Book Reviews 


TITLE: Introduction to Electrical Engi~” 
neering, Third Edition 


AUTHOR: Robert P. Ward 


PUBLISHER: Prentice-Hall, Englewood 
Cliffs, New Jersey 


Introduction to Electrical Engineering 
is the third edition of a previously well- - 
received book on basic electrical engi- » 
neering. This edition has been updated 
and revised to include more examples ; 
and better network presentations. 

The first chapters deal with an intro- - 
duction to the topic and a description of | 
electrical concepts, laws and units. It is 
interesting to note that all examples and | 
concepts do not consider only the a-c or = 
d-c circuits but rather deal with general | 
expressions. The reader is immediately © 
introduced to alternating current and | 
some transient phenomena in addition to ) 
delta-wye networks and _ transmission i 
lines. Chapter IV is an extensive treat- . 
ment of network theory along the lines ; 
of the classical approaches. 4 

A substantial portion of the book is ; 
devoted to magnetic circuit concepts. | 
Chapter VII develops many of the basic 
theories. Here again, the treatment is | 
very general covering both field theory © 
and magnetic circuits (Chapter IX). 
Electromagnetic induction and motional 
electromagnetic force are discussed in © 
Chapter XI. 

The balance of the book covers electri¢ 
field theory conduction in liquids and 
gases, semiconduction and transient re- — 
sponse of simple circuits—some very ad- 
vanced topics for an introductory text- 
book. 

Introduction To Electrical Engineering 
is certainly an excellent text. The ap- 
proach to the material is succinct and 
interesting. A large number of illustrative 
examples and fine line drawings do much 
to clarify the text. This book is well 
recommended as a basic text. 


TITLE: Progress in Vacuum Science and 
Technology 


AUTHOR: Edited by A. S. D. Barrett 
PUBLISHER: Pergamon Press, New York 


Progress in Vacuum Science and Tech- 
nology is a collection of papers on 
vacuum practice, techniques and science. 

Vacuum science is devoted mainly to 
the study of the techniques, problems 
and allied fields of vacuum technology 
with an emphasis here on work ap- 
plicable to the manufacture of tubes. 

There are papers discussing problems 
in the tube industry, getting processes, 
vacuum metallurgy, fumigation and dry- 
ing. A good part of the book is devoted 
to a rather interesting paper by Watt 
on molecular or high vacuum distillation. 
There is also a paper on education in 
vacuum practice at British colleges, a 
somewhat out-of-context but enlighten- 
ing description. 

Progress in Vacuum Science and Tech- 
nology is an interesting and informative 
collection of papers by several experts 
in the field. The book will be of special 
interest to the tube designer and physi- 
cist and is well written and illustrated. 


By Stephen E. Lipsky 
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PRECIOUS METAL CONTACTS 
FOR HIGH-RELIABILITY 


Precious metal contacts in pure or alloyed forms of sil- 
ver, platinum, palladium and gold provide unmatched 
resistance to atmospheric corrosion, deformation, arc 
erosion, binding and metal transfer. Baker high-relia- 
bility precious metal contacts are supplied as wire, rod, 
sheet and in a complete line of fabricated forms. Facil- 
ities are also available for manufacture to your speci- 


fications. 


BAKER CONTACT DIVISION 
207 GRANT AVE. * NEWARK, HARRISON P.O., N. J. 


PURE AND ALLOYED SILVER 
FOR ALL ELECTRONIC APPLICATIONS 


Engelhard supplies high purity silver in many alloys 
and forms including those required for all electrical 
and electronic applications. These materials provide 
outstanding corrosion resistance and electrical conduc- 
tivity. Extruded, shaped anodes for fine, more econom- 


[_] Precious Metal Contacts 


A GAS 
GENERATOR 
FOR THE MOST 
EFFICIENT AND 
ECONOMICAL 
PRODUCTION 
OF N. H2 
FORMING 

GAS MIXTURES 


... provides the most economical and efficient method 
for the production of pure nitrogen—completely free of 
oxygen—with a hydrogen content precisely controlled 
at any desired percentage between 0.5% and 25%. 
Gas mixtures are supplied at a fraction of cylinder 
supply cost. « The Nitroneal Generator is automatic 
except for startup, with no need for operating per- 
sonnel. The unit performs instantly, efficiently any- 
where in the range of from 25% to 100% of rated 
capacity. Instaliation requires only a 110 volt line, 
water, air, ammonia lines and drain facilities... . The 
catalyst lasts indefinitely- minimum maintenance costs. 


MENT DIVISION 


SECTION 


NEWARK, N. J. 


INDUSTRIAL EQU 


GAS EQUIPM 


I 
E 
113 ASTOR STREET 


t | D U s T R ' E Ss, t N Cc. 


ExECUTIVE OFFIC E‘S: 


113 ASTOR STREET NEWARK 2. NEW JERSEY 


DETROIT « 
ORLANDO « 
WASHINGTON, D, C, 


SALES OFFICES: CHICAGO «+ DALLAS + 
HOUSTON + LOS ANGELES + NEW YORK «+ 
PROVIDENCE + SAN FRANCISCO - 


Please send literature as indicated below, 
addressed to my attention: 


L_] Nitroneal Generator 


[] Pure and Alloyed Silver 


ical plating 2 Mees] complete line of silver brazing alloys NAIM Exerrnvessss .senceensschasnenbesecnsy tnest eat Petia nscy Miter v-ta: rnin pe shcece E<Cnre rte ate teen ener 
and fluxes. Pure silver and silver alloys in rods, wires, ih es Mr te oF 
sheets and extruded shapes... high purity powders... ree 
BOTPTENERACEPETCCUICIC) ee eee ee 
STREET ee ce ee ae ee a 
AMERICAN PLATINUM & SILVER DIVISION 
CIV, Sere Coe ee ZON ESE STATES an er ee 


231 N. J. RAILROAD AVENUE * NEWARK, Nad 
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METALS 


For Use in the 


SEMI-CONDUCTOR 
FIELD 


8% Tungsten-Platinum and 10% Iridium- 
Platinum for “S” contacts on glass-sealed 
Silicon diodes. One surface is roughened 
to improve contact characteristics .. . Ex- 
ceptionally good spring characteristics of 
8% Tungsten-Platinum permit use of thin- 
ner ribbons, with savings in cost... Tung- 
sten-Platinum withstands high sealing-in 
temperatures with little, if any, loss in 
spring characteristics. 


Platinum 
Alloy 
Ribbon 


Gold Wire 


for Mesa 
Bonding 


We make high-purity Gold Wire, accurately 
doped by the addition of Group 111 or Group 
V doping agents such as: Gallium, Antimony, 
Indium, Arsenic, Aluminum. Where required, 
objectionable impurities are held to extremely 
low levels. For example, Copper and Silver 
can both be kept below a few parts per mil- 
lion. Customarily supplied in sizes .001”, 
0015”, and .002”; other sizes, larger or 
smaller, are also available. 


Since 1901 


; Write for New B 
Specialists in the Unusual rochure b> 


SIGMUND COHN CORP. 


121 So. Columbus Ave. - Mt. Vernon, N.Y. 
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Personnel 


t 


Standard Rectifier Corporation andl 
nounced the appointment of Jack Gillette 
as Associate Director of Engineering. He} 
was formerly Chief Electronics Engineey | 
for Hughes Semiconductor and will he 
responsible for the product, development, 
process and application engineering for 
SRC’s semiconductor product line. 


PRL Electronics, Inc., Rahway, New . 


Jersey, announces the appointment of 
Stephen Krsna to the position of chief 
engineer. Previously, he was on the en- 


gineering staff of the NJE Corporation, | 


PRL produces specialized test equipment 
and power supplies. 


William H. Berno and Leonard E. Gil- - 


more have been appointed Field Sales 


3 
2 


Engineers for Texas Instruments Incorpo- - 
rated Geosciences & Instrumentation divi- - 
sion’s Instrumentation group, O. F. Hen- - 
ning, Marketing Manager, has announced. . 
Mr. Berno has been assigned to TI’s De- © 
troit office to provide additional customer © 


service in Michigan and northern Ohio. 
Mr. Gilmore will service New England 
from the company’s Garden City, L. I, 
New York office. 


Dr. J. Sterling Livingston, Professor of — 
Business Administration of Harvard Uni- ~ 


versity, has recently joined the top man- 


agement of TYCO Incorporated, a busi- — 


ness organization recently formed to 
sponsor and combine advanced technical 
industries, as a director of the corpora- 
tion. Dr. Livingston will continue at 
Harvard and as president of Harbridge 
House, Inc., a management development 
and consulting firm he founded in 1949. 


Hollywood Radio & Electronics, Inc. has 
announced the election of Donald Aarons 
as Vice-President and Member of the 
Board. Mr. Aaron’s responsibilities will 
encompass that of Director of Sales. G. J. 
Rothman, Chairman of the Board, also 
announced that Clint Labin has been ap- 
pointed Manager of Internal Sales Ad- 
ministration. 


H. J. Elias has been named manager of 
signal diode manufacturing in General 
Electric’s newly-formed Signal Diode 
Project in its Semiconductor Products 
Department. Mr. Elias was _ previously 
manager of quality control for the De- 
partment’s Syracuse Plant. 


W. C. “Red” Schultz has been trans- 
ferred and promoted to the position of 
national distributor sales manager for the 
Semiconductor Division of Hoffman Elec- 
tronics Corporation, headquartered in El 
Monte, California. 


Robert C. Sprague, chairman of the 
board and chief executive officer of 
Sprague Electric Company, has announced 
the following promotions: William J. No- 
lan, senior v.p. in charge of legal affairs; 
Neal W. Welch, senior v.p., marketing 
and sales; Wilbur A. Lazier, senior v.p., 
technical director; Robert C. Sprague, Jr., 
senior v.p., industrial relations; David B. 
Peck, v.p., special products; Hollis R. 
Wagstaff, v.p., fiscal; Carroll G. Killen, 
V.p., industrial and military sales; Bruce 


R. Carlson, v.p., corporate planning and 
systems. 
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otes... 


‘The appointment of Frank H. Bower 
#the newly-created post of manager of 
search and development contracts for 
#2 Semiconductor Division of Sylvania, 
is been announced by Dr. J. Earl Thom- 
director of research and engineering 
{> the division. 


mSernard Reich has been named presi- 
nt of Molecular Electronics, Inc., 
signer and manufacturer of test equip- 
nt for measurement and characteriza- 
yn of semiconductor devices. Molecular 
pectronics, Inc. is a wholly-owned sub- 
Wiary of Precision Circuits, Inc. 


ughes Aircraft Company’s semicon- 
mictor division has reorganized its oper- 
ions and the following new managers 
ave been appointed reporting to Opera- 
ns manager William R. O’Hara: John 
» Locke, germanium diodes; John C. 
worey, silicon diodes; C. J. Roach, tran- 
istors; George C. Messenger, special 
coducts; Jon H. Myer, materials; Rob- 
*t E. Carr, rectifiers. The parallel mar- 
jeting sales managers are Herbert F. 
ivander, transistors and special assem- 
lies, and John Crimp, Diodes. 


»Robert J. Cooley has been appointed 
e ical Director of Penfield Manufac- 
Miring Co., Inc., Meriden, Conn., designer 
md manufacturer of industrial demin- 
alizers. 


, 


Joseph King, Diode and Rectifier Prod- 
cet Manager for Sperry Semiconductor 
Vivision of Sperry Rand Corporation, an- 
hounced the appointment of Peter H. 
Pirnbach as Chief Engineer—Diodes and 

ctifiers. He will be responsible for di- 
fecting all engineering activities on this 
e. 


} 
: 


/ Leonard Murchison has been named to 
he new post of national accounts man- 
iger, semiconductors, for the CBS Elec- 
'ronics Division of Columbia Broadcast- 
ng System, Inc., in an announcement by 
2. Yeiter, semiconductor sales manager. 
Mr. Murchison was West Coast regional 
sales manager, semiconductors. 


' Michigan State University has an- 
1ounced the appointment of Dr. Lawrence 
J. Giacoletto as a professor in the De- 
oartment of Electrical Engineering and 
the Division of Engineering Research 
within the College of Engineering, ac- 
cording to L. W. Von Tersch, Head, De- 
partment of Electrical Engineering. Dr. 
Giacoletto was for four years the Man- 
ager of the Electronics Department of the 
Ford Motor Company Scientific Labora- 
tory. 


Latest Field Engineering personnel 
changes at Tektronix: Doug Curé, for- 
merly of the Albuquerque Field Office, 
and Dean Butts, formerly of the East Los 
Angeles Field Office, have exchanged ter- 
citories. Tom Long, formerly of the Chi- 
ago Field Office, will now be available 
at the Dayton Field Office, while Ralph 
Ebert has become manager of the Chicago 
Field Office. Also at Chicago as a new 
field Maintenance Engineer is Larry Hu- 
letz from Portland. 
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AO Stereo Microscopes 
lick unusual assembly problems 


at Fairchild Semiconductor 


A typical assembly line at Fairchild Semiconductor Corporation’s silicon 
transistor plant in Mountain View, California. 


Fairchild Semiconductor Corporation, one of the nation’s largest manufacturers 
of semiconductor products and electronic components, needed microscopes, 
hundreds of them, for the assembly of their extremely small component parts. 
But they had specific problems to overcome, such as extreme temperature 
changes, rough handling and operator fatigue. Let their transistor Plant Man- 
ager, Mr. Charles Sporck, tell you, in his own words, how these problems 
were solved. 


“The optical and mechanical design of our Amer- 
ican Optical microscopes (AO Series 27 Stereo Micro- 
scopes) allows our assemblers to work with them for 
a longer period of time, without the normally pre- 
valent operator fatigue. They stay in collimation 
better through the rough handling and severe tem- 
perature cycling, common to our production. We 
also like their ease of maintenance which enables us 
to perform all routine adjustments and repairs in 
our own plant’’, 


If you are faced with any kind of production, assembly 
or inspection problem which can be helped by the use 
of Stereoscopic Microscopes ... ask to see the most 
complete line available in America today. From over a 
hundred different models you'll be sure to find, like 
Mr. Sporck, one that exactly fills the bill for you. Cou- 
pon below brings complete information. 


Dept. P266 
Please send 32 page Color Brochure SB56 on | 


American Optical eae: ete Stereoscopic Microscopes and 


| 

I 

I 

| Company sty | 
I 


SPENCER 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK City Zone State 


IN CANADA write—American Optical Company Canada Ltd., Box 40, Terminal A., Toronto, Ontario.’ 
Circle No. 26 on Reader Service Card 
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SEMICONDUCTOR PRODUCTION MACHINES 


A production machine 


for a critical production Operation 
in the manufacture of CRYSTAL DIODES 


HLE 


ENGINEERING COMPANY 


| 


3316 Hudson Avenue Union City, New Jersey 


r: 
& 


' 
Circle No. 27 on Reader Service Card i 
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ditorial ... 


he p-n junction diode, once considered a de- 
ye of rather secondary importance with re- 
ct to the transistor, has been gaining in re- 
set steadily in recent years. At first it was 
idered to be only a nonlinear resistance and 
rts were made to reduce its reactive proper- 
3 with the use of appropriate geometries and 
hort leads. The device was used primarily as 
witch or as a mixer. Later it was noted that 
olinear properties of its intrinsic capacitance 
ild be put to good use since the device could 
made to operate as a variable capacitor with 
sufficiently large Q factor. Efforts were de- 
oped to improve the Q and to increase the 
dacitance variation per unit voltage. More re- 
tly, several investigations have been initi- 
2d to try to enhance the inductive properties 
the diode in the forward bias direction, utiliz- 
x the retarding properties associated with the 
enomenon of diffusion. In the meantime it 
been discoverd that by appropriate doping 
diode may be made to act as a negative re- 
tance (tunnel diode) providing thereby op- 
tunities for operation as oscillator or as am- 
fier. 
he research for the development of a semi- 
ductor diode inductance is prompted by the 
sire of replacing bulky inductors represented 
conventional air- or magnetic-core coils. 
wever, in order that such an inductor may 
useful, it must possess a reasonable value 
Q. In a recent article (Trans. IRE-ED, Octo- 
x 1960) Ladany has proposed a new diode 
ometry which seems to have some possibili- 
s for the purpose of designing an inductor. 
iis is a planar, narrow-base, abrupt junction 
R diode; the emitter is a highly doped p re- 


The P-N Junction Diodes 


gion, the base is intrinsic and the terminals con- 
stitute infinite recombination velocity contacts. 
When a difference of potential V is applied 
across the diode, this is partitioned between the 
junction and the base. As this voltage is in- 
creased, the carrier injection, which is con- 
trolled by the junction, increases, and the con- 
ductivity of the base rises correspondingly. 

The interesting characteristic of the diode is 
that the drift current which occurs in-the base 
is controlled in magnitude by the voltage across 
the barrier. Assume that a step voltage is ap- 
plied across the diode; a current is injected into 
the base, but this takes a time of the order of 
d’/2D to diffuse through the base. In the latter 
expression d is the base thickness and D is the 
diffusion coefficient. Correspondingly, the cur- 
rent increases from a negligible value to the 
value V2/R;, where V2 is the voltage across the 
base and R; is the base resistance. Letting 

di ) 

af V2/RyAt 
where At = d*/2D, it follows that the equiva- 
lent inductance is 


di 
dt 


The resistance R; is proportional to d/cA (where 
A is the diode cross-section) and is a function of 
V:. More rigorous expressions for the induc- 
tance may be obtained solving the continuity 
equations for the carriers in the base. It is found 
that the inductive reactance is maximum near 
the zero bias and decreases thereafter. Its Q 
factor, however, always remains smaller than 
unity. 


ae 


= Rye df 20: 
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WE’RE REACHING INTO 


SPACE 


Bell Laboratories research with 
chilled ruby amplifiers speeds the 
day we may telephone via satellites 


A strange combination of Nature’s forces at Bell 
Laboratories foreshadows the day when world-wide 
phone calls may be relayed via man-made satellites 
orbiting the earth. It is a union of synthetic rubies and 
extreme cold, making it possible to amplify microwave 
signals from these satellites clearly. 


Synthetic rubies possess an extraordinary property 
when deeply chilled and subjected to a magnetic field. 
They can be excited to store energy at the frequencies 
of microwave signals. As a signal passes through an 
excited ruby, it releases this energy and is thus ampli- 


fied a thousandfold. 


Bell Laboratories scientists chose a ruby amplifier 
because it’s uniquely free of “‘noises’’ that interfere with 
radio signals. For example, it doesn’t have the hot 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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cathodes or hurtling electrons that generate noise in 
conventional amplifiers. It is so quiet that only the 
noise made by matter itself in heat vibrations remains. 
But at a temperature close to absolute zero, this also is 
silenced. Even very faint signals from satellites can be 
clearly amplified and studied for their possibilities. 


Bell Laboratories scientists were first to discover 
that matter itself generates electrical noise. They also 
discovered that stars send radio waves, and thus helped 
found radio astronomy. It is particularly fitting that 
the same scientists, in their endless research on noise, 
should now battle this number-one enemy of telephony 
in the dramatic new field of communication via satel- 
lites. The ultimate goal, as always, is the improvement 
of your Bell System communications services. 
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HERE ARE MANY REQUIREMENTS for direct-coupled 
amplifiers, including for example, sensor (e.g. 
strain gauge) amplifiers, meter amplifiers to in- 
ease meter sensitivity, high-impedance transistor 
oltmeters and operational amplifiers. It has been very 
ifficult to design stable d-c amplifiers using transis- 
rs, due to the serious variation of transistor parame- 
rs with temperature, particularly the base-emitter 
Itage (Vez), collector-base leakage current (I¢zo), 
nd hy. Since these amplifiers cannot be a-c coupled, 
» is obvious that a shift in operating point cannot be 
istinguished from a drift in input voltage, and the 
roblem thus reduces to making both the operating 
oint and the gain constant with temperature. 
Several circuits have been proposed to reduce this 
rift. Mechanical choppers have been widely used to 
onvert the d-c voltage into an a-c voltage; the result- 
ig voltage is amplified and rectified (ref. 1). This 
ethod suffers from the inherent very low frequency 
itation of the mechanical chopper, and the some- 
es questionable reliability of a mechanical compo- 
ent. A second scheme proposed by Goldberg (ref. 2) 
ses a chopper-stabilized arrangement, which again 
aas the disadvantage of a mechanical component. 
[hese difficulties can be removed by using transistor 
shoppers, but there are other considerations that still 
nake straight d-c amplifiers preferable. Slaughter 
(ref. 3) has used to a very good advantage a differen- 
ial amplifier that reduces the drift to the difference 
n the parameters of the two transistors. By careful 
election of transistors, it has been possible to obtain 
‘quivalent drifts referred to the input of the order of 
0 1.V/°C. The limiting factor, however, remains the 
lifferences in Vz» and hyp, and only by reducing these 
an more stability be obtained in this circuit. For this 
eason, the Slaughter circuit has been somewhat in- 
erior to the chopper-stabilized methods. 

Recent significant advances in semiconductor tech- 
ology by which junction surfaces are passivated (e.g. 


*Fairchild Semiconductor Corp., Mountain View, Calif. 


The Design of High Stability D.C. Amplifiers 
PAUL J. BENETEAU* 


Several circuits are available for d-c amplifiers. For a high degree of temperature sta- 
bility, chopper methods are usually superior to the conventional difference amplifier 
proposed by Slaughter. However, recent advances in transistor technology make it worth- 
while to reconsider the Slaughter circuit. A new circuit is shown that has, with un- 
selected transistors, a drift referred te the input of the order of 10 uV/°C, or at least as 
good as was previously available by using highly selected units in the conventional circuit. 


Fairchild 2N1613) have resulted in Vz, tracking be- 
tween unselected transistors superior by an order of 
magnitude over previously available devices. This 
technique also results in very much lower I¢zo’s and 
very low noise figures. It is therefore worth reconsid- 
ering the Slaughter circuit using these surface-treated 
unselected units to determine the drift that can be 
obtained. Further, a different circuit is proposed that 
largely eliminates the drift due to the variations in 
hyp. In this circuit, the drift becomes dependent pri- 
marily on the difference of Vz,’s between the two 
transistors, and since this difference is much less with 
the surface-treated transistors than with conventional 
transistors, a much lower drift can be expected. 

It will be shown subsequently that this circuit re- 
sults in drifts of the order of 10 .V/°C; these drifts 
were previously unattainable with unselected units, 
and are at least as good as were previously attainable 
with highly selected units. Improvements of 3.4:1 and 
5:1 over the Slaughter circuit were realized using the 
same transistors in each circuit. 


Conventional Differential Amplifier 


A conventional direct-coupled differential amplifier 
is shown in Fig. 1. This circuit was first analyzed by 
Slaughter (ref. 3). 


+Vec 
© 


K Ro 4 (1-K)R> 


Re 


“Vee 


Fig. 1—Conventional direct coupled differential amplifier. 
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“Vee 


Fig. 2—New circuit using complementary pairs. 


It can be shown with some effort that 


eEn~A te =, Vem) (2 herr, hypo) + (e1 — €2) 


(2 hr, hen.) + RsUovo, — IcBoo) (2 hru; hres) 
(Rsthrn Re) 
R 


E 


+ (e¢:—Ver,tVaz) (hershey) | (1) 


where 


sf Ure ae ain 2 eae oe 
(Ry + hreRe) (hen, + heny) 
hen = Khpp, = 1 — K)Apary 


and 


hep, = Lc;/Ley, hee, = Le2/T ao. 


The approximations used are 


1+ hee, ™hrny, 1 + hen, & hen, 


Rp>k Ra, 
and that 


hrnRz > Rs; 


These are good assumptions for surface-passivated 
silicon devices used in a practical amplifier. 


It is thus apparent that for (e; — e2) — 0, the output 
will be zero only for (Var2 — Ven1) = 0 and (hg, — 
hym) =0 where the Icgzo’s are small, although for R, 
very large, e.g. a common-base transistor constant 
current source where R, might be of the order of 
megohms, the fourth term will tend to a very small 
value. Unfortunately the gain term is highly tempera- 
ture sensitive, and even if two transistors are closely 
matched for Vzgy and a large Ry is used, the output 


28 


Mee 


Fig. 3—Circuit similar to that of Fig. 2 but with provisions 
for zero-adjust. 


will still be a function of temperature for fixed input. 
This is a serious source of drift in this amplifier. 


A More Stable Differential Amplifier 

A new circuit* is shown in Fig. 2. It consists of two 
complementary pairs, with the collector current of the 
npn transistors feeding directly into the bases of the 
pnp’s. Thus, the base current of the npn transistors 
will be very small, and the temperature variation of 
hry will produce a small change in voltage across Rg, 
the source resistance, since the base current is already 
small to start. Middlebrook and Mead (ref. 4) have 
used one such pair to good advantage in obtaining a 
high input impedance amplifier. 

An analysis of this circuit is carried out in the 
Appendix. It is shown that 
= [(e1 aS €2) aie (Ver, = Very) 

— Rg UIezo, — Iezoe)} (2) 
the only assumptions made being well within 1% for 
a practical amplifier. It is seen that the output voltage 
is independent of the hyyz’s of the transistors, thus 
eliminating a serious cause of drift of the Slaughter 
circuit. Further, Iggo is extremely low for surface-— 
passivated units. At 100°C, the typical Igzo is 0.05 pa. : 
Assuming an Ry of 1K, this would yield a drift of the — 
order of tens of microvolts for the Iozo term, as com- 
pared to hundreds of microvolts for the (Vz1 — Vane) 
term. Thus, the Igzo term is frequently negligible, al- 
though at very high temperatures it may predominate, 
particularly for source resistances greater than 10 K. 

Since the drift depends primarily on the Vy differ- 


ey~ 


“A modification of a circuit described by Middlebrook and 
Mead (ref. 4); this modification was suggested by D. H. Hil- 
biber of the Fairchild Semiconductor Corporation. (ref. 5). 
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c i> 0 
for drift 
measurement 


T,, 72,13 — 2NI6I3 
= All Resistors 1% 


O 
Veps=28'V 


fig. 4—Slaughter circuit used in obtaining experimental 
results. 


nce, and since this difference has been improved by 
order of magnitude over existing devices, it follows 
therefore that this circuit, using unselected surface- 
eated units, can result in drift figures previously 
attainable. These results are verified in what fol- 
Ows. 

If the Vz»’s are different but track well, a zero ad- 
justment can be made as in Fig. 3+. It is to be noted 
that the characteristics of the pnp transistors are un- 
important, and that matching is unnecessary. 


Experimental Results 

Both the Slaughter circuit and the new circuit were 
tried using two pairs of 2N1613’s chosen at random. 
The transistors were inserted in a bath of silicon oil 
which was heated to 150°C and continually stirred. 
Although this precaution may seem extreme, it is to 
be noted that a difference of only 0.01°C in the junc- 
tion temperature of the npn transistors will result in 
an equivalent drift referred to the input of 0.01 x 2.2 
millivolts or 22 microvolts. Since it was hoped to get 
drifts of this order or less, it is obvious that a con- 
ventional heat sink is probably inadequate. Certain 
improvements in technology presently being investi- 
gated may reduce the seriousness of this problem. 

The circuits used are shown in Figs. 4 and 5. The 
results are shown in Table I. 

The performance of these transistors in the Slaugh- 
ter circuit is somewhat superior to that generally ob- 
tained using other transistors; the improvement is not 
marked, however, due to the AV; being the only 
variable which has been improved. The drift due to 
variations in hry remains. 


+Suggested by F. Carlson of Fairchild Controls Corporation. 
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T,,13,75 — 2NI6I3 
To,Tq -— 2NI132 


Vee =-28V 


Fig. 5—New circuit used in obtaining experimental results. 


The performance of the new circuit is, however, 
clearly superior. An improvement of 3.4:1 was ob- 
served for Pair 1 and 5:1 observed for Pair 2. 


Conclusions 

Unselected surface-passivated units used in the new 
d-c amplifier circuit give performance better than the 
best previously attainable using conventional highly 
selected transistors in the Slaughter circuit. It is ex- 
pected that this circuit will have many advantages 
over chopper circuits, namely higher speed, lower 
noise, less complexity and more reliability. 
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Appendix I—Table of Important Symbols 
i on hen ee 
(Rs + here Re) (hee, + here) 


hyn, = Te1/In1, here = T¢o2/TI pe. 


(see Fig. 1) 


Table I — Drift Comparison 


Equivalent Drift Referred 
To Input (uV/°C) 
25°C - 150°C 
Circuit 


Pair 1 Pair 2 


24 


A 
(Slaughter Circuit) 


B 
(New Circuit) 
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herr = I& her, a Gl = K) hrre (see Fxg. 1) 


Teno, etc.= Icro of transistor Ti, etc. 


Rs = Source Resistance (see Fig. 1 and 2) 


Appendix Il—Analysis of the Two Feedback Pairs 


The simplest way to analyze this amplifier is to first 
consider one pair only. See Fig. 6. 

If Ip is the base current of T,, hraIp: flows into the 
collector of T, from the base of T3. Therefore, the col- 
lector current of T3 = hrp3hrmil ni. 

Then Is, the current flowing through Re, is made up 
of the emitter current of T, plus the collector current 
of T;. Therefore, 


I, = (1 ae hrry) fbr =l hrnyhregl py 
~ Ip, hpp, (1 + hess), (3) 


usually to within 0.1%. 
Let Vz be the base voltage of T; and Vz; the emitter 
voltage of T,. Now, 


Ip, = as [e1 aa I cro, Rs = Va,| 
Kg 
= us [er — Zeno, Rg — (Var, + Vey) 
Rg 
er Rape 
Rs 
1 


ere pena [er ae Toro, Rg ie Ver, — Ip, hrny 
/ 


Rs (1+ hrz;) Re — V’ 
Solving (4) for Ip, yields 


(4) 


Ca Icpoy Tiga Ven eee 
og ee ra le (5) 
Rs =f Re hper, d ai hrns) 
Letting eo3 be the output voltage on the emitter of Ts, 
€o3 = Veco — Ix, Ry 


Vee ae hrny (hers ie 1) Is, Ry 


l| 


voltage of emitter of Ti, voltage of base 


Va, Va, = 
ei te of T,, etc. | 
V’ = voltage common to both pairs. (see Fg. 6) 


+Vo¢ 
() 


hee, bre, le, 


Ro | 


Ip = (l+hee, Ig,) + hee, bre, Lp, 


Fig. 6—Analysis by consideration of one feedback pair 
only. 


In practice, Ry —1K, hrz ~ 40, Re ~ 200, which gives 
Rg « Re hrz, (1 + hrzs), or in this case 
Rg is 1/3 of 1% of Re her, (1 ao hrrs;)- 


Therefore, 


In the same manner, 


€o, = Veo — a leo — IcBoo Rs — 
2 


Combining (6) and (7), 


Ver, — V’] (7) 


= Veo — hrm (1 + hres) Ri a hee Re Ke na ee (8). 
| Icno, Rs — Var — |. which is the expression quoted in the body of the 
Rg + Rehr, (1 + hens) paper. 
References 


1. “DC Amplifier Stabilized for Zero Gain,” Williams, Tarpley 
and Clark, AIEE Transactions, Vol 67, pp. 47-57, 1948. 

2. “Stabilization of Wideband Direct-Current Amplifiers for 
Zero and Gain,” Goldberg, RCA Review, June 1950, pp. 296- 
300. 

3. “The Emitter-Coupled Differential Amplifier,” Slaughter, 
IRE Transactions on Circuit Theory, March 1956, pp. 51-53. 

4. “Transistor A.C. and D.C, Amplifiers With High Input Im- 
pedance,” Middlebrook and Mead, Semiconductor Products, 
March 1959, pp. 26-35. 

5. “A New D.C. Transistorized Differential Amplifier,” D. H. 


Hilbiber. Presented at the 1961 Philadelphia Solid State 
Circuits Conference. 


30 SEMICONDUCTOR PRODUCTS e FEBRUARY 1961 _ 


Special Semiconductor Devices 

wThe foregoing remarks (Parts 1 and 2) concerned 
2 conventional transistor types and their application 
‘computer circuitry. There also exist a variety of 
ecial devices whose characteristics permit their use 
switching-type circuitry. Although these devices 
ve not as yet found widespread use in computers as 
mpared to conventional transistors, they will be 
scussed here for completeness. In the following 
agraphs the unijunction transistor, devices with 
pn-type structures, the tunnel diode, and micro- 
ular-type devices will be taken into consideration 
/ a representative sample of special semiconductor 
ments which may find considerable application in 
itching circuitry. The use of semiconductors in 
rametric phase-locked oscillators will also be dis- 
ssed. 


e Unijunction Transistor 


The unijunction transistor, or double-base diode, is 
mstructed by forming a single emitting junction on 
bar of n-type semiconductor material, the emitter 
d the two ends of the bar forming a three-terminal 
vice.*®19 The device is shown symbolically in the 
reuit drawing of Fig 22a. If it is assumed that with 
input signal the emitter current is zero, then the 
miconductor bar will have a relatively high resist- 
nce between the emitter and base 1. Therefore, the 
ias between the emitter and base 1 will be that por- 
ion of +-E appearing across the semiconductor mate- 
ial of the emitter-to-base 1 region. Notice that the 
irection of this potential is such as to reverse-bias 
he emitter-to-base 1 junction. If an external potential, 
7,, of sufficient magnitude to overcome the reverse 
jas due to -+-E, is then applied between the emitter 
nd base 1, emitter current will exist and holes 
minority carriers) will be injected into the n-type 
emiconductor material. The positive potential +E 
vill then act to cause majority electrons to drift 
apidly toward the emitter-to-base 1 junction in an 
ttempt to neutralize the minority carriers present. 
‘he result is then an increased concentration of free 


* Assistant Professor of Electrical Engineering 
Stevens Institute of Technology 
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\ Survey of Semiconductor Devices and Circuits 
in Computers 


Part 3 
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charge carriers at the junction in question which then 
act to greatly increase the conductivity of the region 
near the junction. As the input potential at the emitter 
is increased, a point will be reached where a further 
increase in emitter current will be associated with a 
decrease of junction potential at base 1. At this point 
the device then exhibits a negative-resistance charac- 
teristic which lends itself to switching applications. 
This negative resistance is indicated by the negative 
slope in the unjunction transistor emitter characteris- 
tics of Fig. 22b. 

The circuit of Fig. 23 is an astable multivibrator®*® 
employing a single unijunction transistor. When the 
emitter junction becomes non-conducting, the capac- 
itor C charges toward a positive potential through 
R, and the conducting diode D. When the potential 
across C overcomes the reverse bias of the emitter-to- 
base 1 junction, the unijunction transistor switches 
into conduction so that Vy, drops to a value near 
ground potential. This action results in the diode D 
being reverse biased so that it cuts off, with the capaci- 
tor C then discharging through Rs. When the poten- 
tial across C drops back to a value where the unijunc- 
tion transistor again cuts off, the cycle repeats itself. 

The stable negative-resistance characteristic of the 
device permits it to be employed in multivibrators, 


Ve 


NEGATIVE 
RESISTANCE 
REGION 


Fig. 22—Unijunction transistor circuits. 


31 


NPN 


il 


COLLECTOR 


za) 5), 
Ze; Af 
(c) J. 


Fig. 23—PNPN transistor circuits. 


sawtooth generators, pulse generators, timing circuits 
and as a driver in hybrid circuits in which unijunction 
transistors and the conventional transistors are inter- 
connected so as to perform specific operations. The 
details of the operation of the unijunction transistor 
and the design of circuits incorporating the device are 
described in several articles in the literature. 


PNPN Devices 

It may be shown from the theory that for transistors 
possessing alphas greater than unity it is possible, by 
the use of appropriate circuit connections, to obtain 
negative-resistance characteristics at a given set of 
terminals of the resulting network. For instance, a 
point contact transistor, with alpha greater than unity, 
employed in a common base connection, exhibits a 
negative resistance at its input terminals if the resist- 
ance in series with the base lead is increased beyond 
a certain critical value. It has already been shown 
that a device (or circuit) with negative-resistance 
characteristics is useful in switching applications. 

The pnpn (or npnp) transistor? !425.32 is fabricated 
by forming a structure of four alternate layers of n 
and p materials. This transistor may be biased in a 
manner similar to that of an ordinary transistor but 
with the third layer left floating. The arrangement 
just mentioned is shown in Fig. 23a. 

The operation of the pnpn transistor may be more 
easily described if it is considered that the first three 
sections act as a conventional pnp junction transistor 
in a common-base connection and the last three sec- 
tions as an npn transistor in a common-collector con- 
nection. This analog is depicted in Fig. 23b.!° Since 
the short-circuit current gain for the common-base 
connection is a, and that for the common-collector 


connection is 


, the overall current gain of the 


two transistors in Fig. 23b may have a magnitude of 


ar which represents an overall effective alpha of 


greater than unity with no phase reversal. It is 
possible, then, to obtain a negative-resistance region 
in the input characteristics of the circuit if Ry; is made 
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sufficiently large. If the device is used in a comma, 
emitter configuration as shown in Fig. 23c the actior 
of the circuit will be such that it can replace the flip 
flop circuits which use two of the conventional transis 
tors. That is, if the circuit is initially off, then a positive 
input current will trigger the circuit on. The pnpn 
transistor will then remain on, even if the input is 
removed, until it is switched off by a negative input 
current. Therefore, the circuit will be in one of two 
states, on or off, depending on the polarity of the last} 
input current applied. This operation is similar, in a& 
logical sense, to the flip-flop action previously de 
scribed for circuits using conventional transistors. 
Shift registers and counters may be constructed by» 
properly cascading several stages of the pnpn flip-flop 
circuit. 

Among other four layer structures which have in- 
herent characteristics which permit fast switching § 
times are the pnan transistor’ and the four-layer di 
ode. The pnan transistor operates in a manner similat 
to the pnpn transistor except that a thicker base re. 
gion is employed to permit the handling of larger peak = 
voltages at the output junction. Typically, a pnan : 
transistor may be used to switch 4 ampere pulses with 
20 millimicrosecond rise times. 

The four-layer diode** is a pnpn structure operated 
in a two-terminal mode. The operation of the device 
may be described by reasoning similar to that em 
ployed for the pnpn transistor. That is, the device 
properties are analogous to that of a pnp and npn 
transistor as indicated in the discussion of the pnpn 
transistor of Fig. 23. An analysis of the pnpn structure 
when used as a two-terminal element (a diode) indi- 
cates that the device may be switched from one state 
to the other by controlling both the input voltage and 
current. Fig. 24a shows a representation of the four- 
layer diode and a typical set of its characteristics are 
indicated in Fig. 24b. Notice that the characteristics 
exhibit the region of negative resistance necessary for 
the bistable switching action to take place. The fast 
switching action and high-power handling capabilit 
of the several pnpn type devices discussed makes 
them particularly useful in switching circuits such as” 
core drivers where high current requirements are 
necessary. 

The pnip or intrinsic-barrier transistor’ might also” 
be mentioned here since it too consists of an addi- 
tional layer of semiconductor material in the base 
region. However, the operation of a pnip transistor is” 
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Fig. 24—A four-layer diode. 
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if antical to that of conventional pnp transistors, ex- 
tpt for the action of a layer of intrinsic semicon- 
ictor material which is placed between the n and p 
“aterial at the collector junction. This intrinsic layer 
frves to widen the effective space-charge region at 
; fe collector junction, thus decreasing the space- 
@iarge capacity and permitting a higher breakdown 
Hltage rating for the transistor. Therefore, an im- 
svoved high-frequency response with a higher power 
thndling capability may be realized. Circuits with 
Ise repetition rates of the order of 300 me. are pos- 
ble when utilizing intrinsic-barrier type transistors. 


the Tunnel Diode 
1 A relatively new device whose properties were first 
sported by Esaki,® and which is presently undergoing 
nsiderable investigation is the tunnel diode.2?:24:54 
e diode derives its name from the quantum-me- 
qanical tunneling effect at potential barriers. In clas- 
cal theory, a particle arriving at a potential barrier 
uch as exists at a pn junction can only surmount 
e barrier if its own energy level is greater than 
iat presented by the barrier. However, the quantum 
teory gives the result that there is a non-zero proba- 
ility that a particle with less than this amount of 
mergy will penetrate the barrier and exist on the 
her side. The particle is said to “tunnel” through 
he barrier rather than pass over it. The current ob- 
fined by this effect can be made relatively large if 
e number of charge carriers present is large and 
e width of the potential barrier is made very small. 
hese requirements are met in the tunnel diode 
y fabricating a pn diode, with an extremely thin 
nection region, from heavily doped semiconductor 
aterials. 
The tunnel diode’s voltage-current characteristic in- 
lude a negative-resistance region which permits the 
diode to be used to great advantage in switching ap- 
dlications. The conduction processes in conventional 
ransistors are described by a concentration of minor- 
ity carriers being injected into a base region, which 
hey then traverse due to diffusion effects. The diffu- 
sion time limits the high-frequency response, and 
therefore the switching time, of the transistor, as has 
been previously described. In the case of the tunnel 
diode the conduction process is dependent on the 
majority carriers present and a signal is transmitted 
through the diode in much the same manner as a sig- 
nal is transmitted through a metallic conductor, ex- 
cept that the conductor exhibits only positive resist- 
ance characteristics. The result is that the switching 
times associated with tunnel diodes exceed the switch- 
ing times currently available from transistors by a 
factor of approximately 100. Also, the power require- 
ment of a tunnel diode is about 1/100 of the power 
requirement of a comparable transistor. Further ad- 
yvantageous characteristics of the tunnel diode include 
temperature stability and resistance to radiation dam- 
age. At present, a major disadvantage faced by the 
use of tunnel diodes lies in the difficulty of designing 
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Fig. 25—Parametric phase-locked oscillator. 


proper coupling networks for cascaded stages of cir- 
cuits employing two-terminal active devices. 


Parametric Phase-Locked Osciliators 

The requirements for higher switching speeds has 
prompted several investigations concerned with the 
possibility of applying microwave techniques to com- 
puters. Although various methods of employing micro- 
wave devices in logic circuits have resulted from 
these investigations, the remarks in the present dis- 
cussion will be restricted to parametric phase-locked 
oscillators? utilizing the non-linear capacitance of 
semiconductor diodes. The operation of the phase- 
locked oscillator may be described by considering a 
parallel-tuned circuit with a natural resonant fre- 
quency f. If one of the reactances in the circuit is 
varied at a frequency 2f then the tuned circuit will 
break into oscillation at the frequency f. This os- 
cillation will occur in one of two possible phases, 
which are 180 degrees apart, and will persist in that 
phase which initially occurs until some external in- 
fluence causes either a phase reversal or a cessation 
of the oscillation entirely. The circuit can be directed 
into one phase or the other by applying a locking 
signal with frequency f and the desired phase at the 
time the oscillation is started. It is easily recognized 
that either of the two possible states of oscillation 
may be assigned the binary representation “0” and 
the other state assigned the representation “1”. This 
interpretation then makes it possible to apply these 
parametric devices to logic systems. 

It has been possible to obtain switching times be- 
tween states of the order of ten cycles of the signal 
frequency f. F. Sterzer and W. R. Beam?® have de- 
scribed phase-locked oscillators in strip-line form with 
a frequency of 2000 mc., which may then possibly re- 
sult in switching times of 5 millimicroseconds. 

Fig. 25 shows a schematic representation of a phase- 
locked oscillator employing the junction capacity of 
reverse-biased semiconductor diodes as the variable 
reactance element. The locking input signal is applied 
at the terminals designated E;;, and the output appears. 
at the terminals E,. Notice that the reverse biasing 
of the diodes and therefore the value of their junction 
capacities may be varied at the proper rate by apply- 
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ing a signal at the terminals E, of frequency of 2f. This 
signal is referred to as the pumping signal. Notice that 
the two diode branches form a balanced circuit which 
prevents the appearance of the pumping frequency at 
the output terminals. A bias signal at a desired refer- 
ence phase may be injected at E,; when the oscillator 
element is to be used in a gating circuit. The principle 
of the gating operation proceeds in the following man- 
ner. If there is no locking signal present then a time 
delay exists before the oscillation occurs in the unit. 
However, if the presence of a locking signal is applied 
in short periods of specified durations, then it is pos- 
sible that these intervals may be adjusted so that os- 
cillation will occur only if a locking signal is present 
during the short time the pumping signal is applied. 
Thus an output appears at E, only if Ej, and E, are 
present during a specified time interval, Another 
mode of operation may be used by feeding in a biasing 
signal at terminals E;. If E;, and E, are both in the 
“1” phase, an output will occur at E,. If E; is in “1” 
phase and E;, is in “0” phase, then no output occurs 
since cancellation takes place between the bias and 
the input signals. 

A variable-inductance version of the phase-locked 
oscillator, the parametron, has been developed in 
Japan. Its operating principles are similar to those 
previously described, except that it is the inductance 
in the circuit that is made to vary. Although the 
parametron is not dependent on semiconductors it is 
interesting to note that the device is in use in existing 
Japanese computer systems. 


Microelectronics 

The need for electronic circuitry with low weight 
and small space requirements has initiated several 
programs on the study of microelectronic tech- 
niques.”: !*: 18. 20, These microelectronic circuits which 
have been developed employ components which form 
integral parts of an overall circuit structure, rather 
than separate circuit components wired together in a 
conventional manner. The complete circuit structure, 
usually referred to as a micromodule, might consist 
of an entire circuit on a single flat supporting plate, 
or of a combination of extremely small flat wafers, 
each wafer containing a circuit component. The micro- 
miniature components are fabricated on the support- 
ing plates by the use of photographic processes, thin- 
film deposition techniques, conductive inks, or by 
some method of abrasion. The active elements, such 
as transistors, may be fabricated by photolithographic 
techniques with connections made to the active por- 
tions of the transistor structure by the use of thin- 
film deposition. Packing densities of 500,000 parts per 
cubic foot are possible with the micro-modular design 
arrangements. Since the circuit configurations asso- 
ciated with digital systems are relatively simple and 
are comprised of only-a small number of different 
component types, the micro-modules have found their 
first great application in the area of digital computers. 
In general, the circuit arrangements required in a 
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digital computer system are repetitive, representing 
another factor contributing to the applicability of | 


micro-modules to digital systems. Several digital units 
incorporating the micro-modular design have been 
built and some units are available for military appli- 
cations. 

Another concept of micro-miniaturization tech- 
niques is represented by the fabrication of circuits in 
the form of a single piece of semiconductor material. 
Texas Instruments and RCA Laboratories have an- 
nounced packing densities in excess of 25 million parts 
per cubic foot through the use of these solid-circuit 
techniques. In these so-called monolithic structures, 
the circuit component characteristics are obtained, 
for example, by utilizing the capacitance of a pn junc- 
tion where a capacitor is needed, or by forming non- 
rectifying contacts to a piece of semiconductor mate- 
rial where a resistor is needed. Transistors and diodes 
are fabricated as an integral part of the structure by 
diffused-base techniques. The RCA Laboratories also 
make use of uni-polar transistors*® as the active ele- 
ments in the circuit structure. 


Electronic Analog Computer Applications 
The major portion of the present discussion has 


concerned itself with the uses of semiconductor de-~ 
vices in digital systems. Indeed, it is in the area of 
digital computers rather than analog computers that — 


semiconductors have so far experienced the greater 
application. The predominating use of active devices 
in analog systems is to provide the gain necessary for 
operational amplifiers with high accuracies. In most 
cases, the idea of voltage as the variable of computa- 
tion has been employed, and from the point of view 
of gain and bandwidth, it is most advantageous that 
the operational amplifiers be of the d-c type, with a 
voltage-summing circuit at the input. However, the 
inherent problem of opereting point instability in d-c 
amplifiers has necessitated the inclusion of special 
facilities in the amplifier designs that will act to re- 
duce amplifier drift to a minimum. In the case of 
vacuum-tube amplifiers the problem has been ade- 
quately met by the use of feedback arrangements 
and chopper-stabilization techniques. However, the 
low input impedance characteristic of transistors pre- 
sents a more serious problem in the design of transis- 
tor feedback amplifiers since the low input impedance 
point, to which the feedback loop is generally re- 
turned, loads down the loop gain of the circuit and 
tends to degenerate the feedback action. This problem 
may be overcome in part by basing the computer de- 
sign on a current-variable viewpoint, in which case 
the transistor, a current driven device, then actually 
possesses certain advantages when computing accu- 
racy is considered. However, the problem associated 
with the operating point instability of transistors, es- 
pecially when the transistors are subjected to an 
environment of changing temperatures, still repre- 
sents a.major difficulty facing the designer of transis- 
torized high-grain d-c amplifiers. The drift problem 
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can be overcome to a great extent by the use of a-c 
vil amplifiers but, in general, the gains obtainable with 
ithe a-c amplifiers are not sufficiently high for the 
»)frequirements on accuracy of general purpose analog 
“{computers. 
| At present, the greatest application of transistors to 
~fanalog systems is in the special purpose analog com- 
tl puters such as airborne navigational computing sys- 
tems. The specifications on the individual amplifiers 
in these special purpose computers are such that, in 
general, a-c amplifiers may be used. Of course, even 
in a-c amplifiers the drift in the transistor character- 
istics with variations in the ambient temperature still 
presents an appreciable problem to the amplifier 
designer. 

The aforementioned difficulties in the design of 
transistorized analog computing equipment are not, 
however insurmountable ones. Electronics Associates, 
Inc., for instance, has announced the TR-10, a new 
desk-size transistorized general purpose analog com- 
puter with an accuracy of 0.1%. The basic computer 
facility includes ten chopper-stabilized d-c operational 
amplifiers with gains of 40 to 50 million. This may be 
compared with gains in the order of 100 million typi- 
cal of d-c vacuum-tube amplifiers used in modern 
large-scale precision analog computers. The basic 
TR-10 unit weighs approximately 80 pounds and has 
a power requirement of about 60 watts. If further 
improvement in circuit design and in device character- 
istics helps to overcome the difficulties inherent in the 
applications of transistors to high-gain d-c amplifiers, 
then evidently, the transistor and related solid-state 
devices will make possible greater compactness, re- 
duced power consumption and increased reliability 
in analog computer systems. 


Conclusion 

Several semiconductor devices and their applica- 
tions in computer circuitry have been discussed. The 
major portion of the foregoing remarks have been 
devoted to the subject of conventional transistors and 
semiconductor diodes since these conventional ele- 
ments still predominate in existing computer systems 
which employ semiconductor devices. The viewpoint 
taken in the case of digital applications has been to 
describe the various methods by which the switching 
speeds of transistor circuits may be increased by 
improvements in the switching characteristics of the 
device itself and in the design of the related circuitry. 
However, from the survey made of those special semi- 
conductor devices which do not depend upon conven- 
tional transistor action for their operation, it would 
appear that the higher computing speeds will prob- 
ably be derived from new devices such as the tunnel 
diode or the parametric oscillator. The growing need 
for compact low-weight systems with high reliability 
has led other research efforts into areas of entirely 
different circuit concepts as exemplified by the devel- 
opment of microminiature solid circuity. 

This discussion by no means encompasses all aspects 
of semiconductor applications to computing systems. 
Several references are given which should serve as a 
good starting point for the reader who desires a more 
detailed account of semiconductor devices and their 
application to the computer art. (See Part 1, Dec. 
1960) 
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Diode Parametric Amplifiers 


Principles and Experiments 


Part 2 


E. D. REED* 


Experimental Negative-Resistance 
Parametric Amplifiers 
Having established the physical principles involved 
in negative-resistance type parametric amplification 
and having discussed the variable-capacitance effect 
in junction diodes, we can now proceed to consider a 


*Bell Telephone Laboratories, Incorporated 
Murray Hill, New Jersey 


number of experimental, low-noise amplifiers. One of 
the earliest amplifiers on which extensive measure- 
ments were made was designed by Uenohara for oper- 
ation at 500 mc. The principal features of this amplifier 
are shown in Fig. 8. It consists of a simple wave- 
guide cavity tuned to the half-pump frequency and 
having enough bandwidth to extend over both the 
signal and image bands. The loading of this cavity can 
be varied by an adjustable iris. A variable-capacitance 
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Fig, 8—Basic design features and performance of an ex- 
perimental 5000-mce parametric amplifier due to M. Ueno- 
hara of Bell Telephone Laboratories. 
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Fig. 9—Sensitivity as a function of source temperature 

for a traveling-wave tube and parametric amplifier both 

having noise figures of 4 db (referred to room tempera- 

ture). Also shown is the further improvement due io 
refrigeration of diode. 


diode is mounted in the center of this cavity and 
pump power is supplied to it through an X-band 
waveguide. Not shown is the ferrite circulator which 
completes the amplifier. The gain-frequency charac- 
teristic for this amplifier obtained with a GaAs diode 
is also shown in Fig. 8. Uenohara specifies a 15 mc 
wide signal band (represented by the thickened por- 
tion) having a midband gain of 20 db. For the reasons 
discussed previously, a 5 me wide guard band is main- 
tained between the top of the signal band and the 
half pump frequency. 

The noise figure obtained with this amplifier is 4 db 
for “single sideband reception,” i.e., for the condition 
where signal is introduced in the signal band only but 
noise enters the amplifier both in the signal and in the 
image band. However, in comparing a parametric am- 
plifier having a 4 db noise figure with, say, a 4 db 
noise figure traveling wave tube it is important to 
bear in mind that in the case of the parametric ampli- 
fier a smaller fraction of the total noise output is due 
to noise generated within the amplifier. This also 
means that as the source temperature is decreased or, 
in practice, as we point the amplifier at the cold sky, 
image noise becomes negligible and the parametric 
amplifier then exhibits noise performance superior to 
that of a traveling wave amplifier of identical noise 
figure. This is illustrated in Fig. 9, which shows the 
minimum detectable signal as a function of source 
temperature for a 4 db traveling wave tube and a 
4 db parametric amplifier. The minimum detectable 
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signal has been normalized with respect to its value 
at room temperature. Naturally, both the TWT and | 
the parametric amplifier start out with the same sen- - 
sitivity but as the source temperature decreases—and _ 
with it, the image noise contribution—the sensitivity 
of the parametric amplifier increases faster than that 
of the TWT. At a source temperature of 50°K, the 
parametric amplifier is about twice as sensitive as 
the TWT. As a matter of fact, a traveling-wave tube © 
would require a noise figure of 2.2 db in order to — 
exhibit at this source temperature the same sensi- ' 
tivity as a 4 db parametric amplifier. For the case 
where the signal itself is noise as in radio astronomy, 
we may introduce this noise signal in both the signal 
and image band, as was pointed out earlier, and 
thereby obtain a 3 db advantage in noise perform- 
ance. This would make the sensitivity of a 4 db noise 
figure parametric amplifier equivalent to that of a 
TWT having a figure of 1 db. The fact that we have 
now mentioned three different equivalent noise figures 
in connection with the same amplifier namely 4, 2.2 
and 1 db may seem confusing. It is true, however, that 
there is no single number which fully describes the 
noise performance of this amplifier under all condi- 
tions. For single sideband reception from a room 
temperature source its sensitivity is equal to that of 
a 4 db TWT. For single sideband reception from a 
cold source such as the sky, its sensitivity equals that 
of a 2.2 db TWT and for the reception of radio as- 
tronomy signals the noise figure is equivalent to a 
1 db TWT. 

All the results given so far are for the case where 
the amplifier itself is maintained at room temperature 
but where the external image noise is eliminated by 
pointing the antenna at the cold sky. We may obtain 
further noise improvements by refrigerating the am- 
plifier itself and thereby reducing the internal noise 
due to the diode series resistance. The dotted lines in 
Fig. 8 show the result of refrigerating the amplifier 
proper to liquid nitrogen temperature, i.e., to about 
75°K. We see that the single sideband performance 
of this refrigerated amplifier when looking into the 
cold sky is equivalent to a 1.2 db noise figure TWT. 
For radio astronomy signals the refrigerated amplifier 
is equivalent to a 0.3 db noise figure TWT. 

Uenohara was also able to obtain low noise ampli- 
fication at 11,000 mc. Using a GaAs diode in a wave- 
guide environment scaled from that described above 
he obtained a single-sideband noise figure (at room 
temperature) of 6.5 db. B. C. de Loach, also of Bell 
Labs., used a GaAs diode to obtain amplification at 
30,000 me. This is the highest frequency reported to 
date for a parametric amplifier. 

Parametric amplifiers similar in concept and execu- 
tion but operating at different frequencies have been 
described by workers at Hughes Research Labora- 
tories and Stanford University. 


Broadbanding Techniques 
One basic shortcoming of the type of negative-re- 
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Sistance ampliner which employs a single diode in a 
, simple resonant cavity, is its lack of adequate band- 
i} width. Attempts to overcome this limitation have fol- 
), lowed two separate and distinct paths, both of which 
have led to interesting and useful results. The earlier 
of the two broadbanding schemes makes use of large 
numbers of diodes in iterated structures while the 
4 more recent method combines special broadband cir- 
cuitry with a single diode. 

The principle underlying the operation of the iter- 
ated amplifier involves elimination of band-limiting 
resonant circuits and operation of the diode in a truly 
broadband environment. Since this greatly reduces 
the gain obtainable from an individual diode we must 
resort to the use of large numbers of diodes in suit- 
able arrays in order to build up the desired over-all 
gain. A very useful property of this iterated ampli- 
fier, in addition to its bandwidth, is the unidirection- 
ality of its gain, ie., this amplifier has gain in the 
forward direction and no gain in the reverse direction. 

To illustrate the principles involved here we shall 
make the following simplifying assumptions: 

(1) The signal frequency is equal to exactly half 

the pump frequency, 

(2) the signal and pump waves propagate through 

the structure with the same phase velocity, and 

(3) we can choose any arbitrary phase relation be- 

tween the signal and pump waves. 
Let the drawing at the top of Fig. 10 represent a trans- 
mission line, which may be a modified waveguide or 
coaxial line, and let the vertical lines represent the 
positions of diodes mounted across this line. We shall 
space these diodes a quarter wavelength apart at the 
pump wavelength. The reason for this spacing will 
become clear when we consider the reverse gain of 
this amplifier. As far as forward gain is concerned, the 
spacing of these diodes is immaterial. Let the sine 
curves in Fig. 10 represent snapshot pictures of the 
electric-field distribution in the transmission line, the 
solid curves due to the signal and the dashed curves 
due to the pump. As both these sine waves move 
through the transmission line in the same direction, 
say to the right, with the same phase velocity, it is 
clear that interaction between pump and signal will 
take place with the same phase relation at each suc- 
cessive diode. Hence, if this phase relation is chosen 
to be favorable for any one diode, it will be equally 
favorable for all other diodes and the signal wave will 
grow exponentially as it progresses along the struc- 
ture. Such a favorable phase relation between the sig- 
nal and pump wave is shown at the top of Fig. 10. 

What happens, however, when the pump and signal 
waves propagate in opposite directions? In the se- 
quences, corresponding to instants of time t;, tz, and 
tz, we see the signal wave traveling from right to left, 
ie., in the reverse direction, while the pump wave 
continues from left to right. If we now examine, by 
inspection of Fig. 10, what any two adjacent diodes, 
such as diodes A and B, will see as a function of time, 
we find that diode A will see the pump and signal in- 
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Fig. 10—Illusiration of the operation of an iterated, 
broad-band amplifier and the production of non-recipro- 
rocal gain. 


teract with the correct phase relationship for nega- 
tive-resistance generation while diode B will not. In 
fact, diode B will absorb power. Plots of the interaction 
of signal and pump at diode locations A and B are 
given at the bottom of Fig. 10. The plot for diode A 
may be seen to be identical to that shown in Fig. 1 
and to result in maximum energy transfer from pump 
to signal. For the situation, then, when pump and 
signal propagate in opposite directions, half the diodes 
will amplify and the other half will absorb power, re- 
sulting in a net reverse gain of unity. This produces 
gain stability superior to that of the cavity-type 
negative-resistance amplifier but not nearly as good 
as that of, say, a traveling-wave tube or traveling- 
wave maser. In both these devices, the reverse loss 
exceeds the forward gain. 

In the more general case, when the signal frequency 
differs from half the pump frequency, an idler wave of 
frequency, p-s, will, again be generated and provision 
must now be made for the propagation of this wave 
along with the signal and pump waves. The phase 
velocities of these waves must be adjusted so that 
their phase constants satisfy a condition stipulated by 
Tien and Suhl which requires that 6, + B,—. = By. 

An iterated amplifier employing the principles just 
described was built by R. S. Engelbrecht of Bell Tele- 
phone Laboratories for operation at 600 mc. His am- 
plifier, may be considered to consist of two transmis- 
sion lines, electrically uncoupled but occupying the 
same space. One of these carries the pump energy and 
the other the signal. In the cross section of Fig. 11 the 
electric field configuration due to the pump is repre- 
sented by solid lines and that due the signal by the 
dashed lines. Variable capacitance diodes, two per 
stage, are placed into a region where the pump and 
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signal fields are parallel (or antiparallel) and their 
polarities are chosen such that their capacitances go 
up and down together under the influence of the 
pump. Compliance with the Tien Suhl phase-condition 
is achieved by adjustment of the trimming capacitors 
which, as may be seen in Fig. 11, are placed in a region 
where they can only interact with the pump field. 
Using 16 pairs of diodes in one amplifier, Engelbrecht 
obtained these results: 
(1) A usable bandwidth of 100 me or roughly 20% 
for single sideband reception. 
(2) An average gain over this band of 9 db. 
(3) Reverse gain ranging from —2 to 0 db and 
(4) Noise figure of 3.5 db (for cold sky reception 
the sensitivity is equivalent to a 2.5 db noise 
factor TWT.). 
The comparatively low gain of this amplifier should 
not be interpreted as a basic limitation of the device 
but rather the result of stability considerations based 
on the particular values of input and output mismatch 
between which the amplifier was required to operate. 
In an attempt to improve the stability of the nega- 
tive-resistance iterated amplifier still further, workers 
at Hughes Research Laboratories have been experi- 
menting with the use of built-in nonreciprocal ferrite 
elements. The test section which gave rise to the re- 
sults shown in Fig. 12 used a signal line consisting of 
four transmission type cavities each containing one 
diode and coupled by means of ferrite loaded irises. 
Pump power was fed to each diode separately with 
phase individually adjusted for optimum interaction. 
The experimental results indicate broadband per- 
formance, about 150 me for single sideband reception, 
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Fig. 11—Basic features and performance curves of an 

iterated amplifier due to R. Engelbrecht of Bell Tele- 

phone Laboratories. The results shown were obtained 
with 16 pairs of diodes. 
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Fig. 12—Reverse loss exceeds forward gain and hence 

gives unconditional stability in an early experimental 

iterated amplifier incorporating non-reciprocal ferrite 

loss elements. Due to Currie, Weglein et al. of Hughes 
Research Laboratories. 


and, since the reverse loss over this band greatly ex- 
ceeds the forward gain, unconditional stability. 

An obvious and serious disadvantage of the Bell 
Labs and Hughes iterated amplifiers is their lavish 
need for high-quality, highly identical diodes. To cir- 
cumvent this disadvantage, H. Seidel and coworkers 
at Bell Telephone Labs have been experimenting with 
a broadbanding technique in which a single diode in- 
teracts with suitable filter circuitry. A somewhat simi- 
lar technique has been used in the past by the author 
to increase the electronic tuning range of reflex kly- 
strons. The principles involved in this broadbanding 
scheme may be understood from the equivalent circuit 
of the negative-resistance, parametric amplifier shown 
in Fig. 13. Here, we see a transmission line of charac- 
teristic conductance, Go, terminated in a cavity across 
which appears the negative conductance, — |G], gen- 
erated by the pumped capacitance. Compared to the 
frequency sensitivity of the cavity, the negative con- 
ductance varies only slowly with frequency. It 
reaches a maximum at the half-pump frequency and 
drops to zero both at zero frequency and at the pump 
frequency. We will therefore, consider — |G| to be in- 
variant with frequency. Voltage gain is given by: 


Voltage Gain = V eee. BPE Nevis 
Vincrp. Go+ Yr 
but 
Vint oral Giles 
hence 
Voltage Gain = Goce 
Ce Gary 


At midband, B = 0, hence for high gain, |G| must ap- 
proximately equal Go. The real part of the numerator 
is therefore much greater than that of the denomi- 
nator. This, in turn, makes the numerator so much 
less frequency dependent than the denominator that 


it may, for our purposes, be regarded as a constant. 
Thus, 


K 


Voltage Gain = ———_ 
(Go —|.G |) +58 
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Fig. 13—Equivalent circuit of a negative resistance am- 

plifier using a single diode in simple cavity. Compared 

to the cavity, the negative conductance is seen to be a 
slowly varying function of frequency. 


In words, gain is inversely proportional to the input 
admittance or directly proportional to the input im- 
pedance of a simple resonant circuit having a shunt 
conductance Gy — |G|. This suggests that broadband- 
ing techniques involving the use of multiple coupled 
cavities would be applicable here. 

Using three coupled cavities in the arrangement 
shown in Fig. 14, Seidel and his coworkers at Bell Tel- 
ephone Labs have been able to confirm the validity of 
these ideas. They obtained a useful bandwidth of 
about 100 mc centered around 450 me, i.e., a better 
than 20% bandwidth. Since this amplifier is com- 
pletely bidirectional, it requires a broadband circu- 
lator having excellent matches to ensure stable opera- 
tion. Such circulators are presently not available in 
this frequency range. The gain curve shown in Fig. 14 
was obtained with a directional coupler. It therefore 
indicates what could be done with a circulator rather 
than what has actually been achieved in a stable am- 
plifier. 


The Up-Conversion Amplifier 


The up-conversion amplifier, or up-converter, is the 
second major type of variable-capacitance amplifier. 
It differs from the negative-resistance amplifier in 
these respects: 

(1) The amplified signal is extracted at the upper- 
sideband frequency, p+ s, rather than the 
lower-sideband, p — s, which is used in the 
negative resistance amplifier. 

(2) In the up-converter, gain is proportional to the 
output-to-input frequency ratio, (p+ s)/s. 
Hence, to achieve reasonable gain, the pump 
frequency must be many times greater than 
the signal frequency, whereas a ratio of only 
two was required for the negative-resistance 
amplifier. This requirement for a large ratio 
of pump to signal frequency has restricted ex- 
perimental up-converter work to signal fre- 
quencies in the below-1000 mc band. 

(3) In the up-converter, the signal frequency is 
inevitably shifted in the amplification process 
while in the negative-resistance amplifier we 


had the choice of using the amplified output 
either at the signal frequency or at the lower 
sideband frequency. 

(4) The up-converter is a true two-port amplifier 
having unconditional stability whereas the neg- 
ative-resistance amplifier, being a single-port 
amplifier, requires, for stable operation, ex- 
ceptionally good matches plus auxiliary in- 
strumentation in the form of circulators, isola- 
tors or built-in ferrite elements. 

While the operation of the negative-resistance am- 
plifier could be explained with a particularly simple 
model, namely the mechanical pumping of a capacitor, 
a similarly pleasing model for the up-converter has 
not come to the attention of the author. Instead, this 
topic will be introduced by considering the fundamen- 
tal power relation for a nonlinear (and lossless) re- 
actance as expressed in a theorem by Manley and 
Rowe. This simple yet very powerful theorem states 
that when a strong pump of frequency, p, and a weak 
signal of frequency, s, are simultaneously impressed 
on a nonlinear reactance, and if we consider only the 
signal and the two lowest sidebands, p — s and p+ s, 
that is, ignore all higher-order modulation products, 
then 


Po Pee Eee 


8 Ce he me OE 
where P,, P, , ; and P, — ; are the powers at the fre- 
quencies s, p +s and p— s. A positive value of P de- 
notes net power leaving the amplifier, and a negative 
value denotes power absorbed by the amplifier. In 
the negative-resistance amplifier we assume that our 
circuit does not respond to the upper sideband, p + s, 
hence the middle term above is zero and the Manley- 
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Fig. 14—Schematic representation and performance of a 

negative-resistance amplifier using a single diode and 

3 coupled cavities, Due to H. Seidel et al. of Bell Tele- 
phone Laboratories. 
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Fig. 15—Basic outline and performance data of a 400-me 
up-conversion amplifier due to P. P. Lombardo of Air- 
borne Instruments Laboratories. 


Rowe relation describing this case becomes, 


Bae BPs, 


fs DiS 


We can see that, in order to have amplification at the 
signal frequency, s, that is, more power at s leaving 
the amplifier than entering it, P, from our previous 
definition must be positive. This, in turn, means that 
P, — ; is also positive, showing that if amplified signal 
power leaves the amplifier, we must also have image 
power or lower-sideband power leave the amplifier. 
Incidentally, by rearranging the above relation as 


Po Pp; 
8 


we see that the lower sideband exceeds the signal 
power by the frequency ratio (p —s)/s. We shall 
come back to this later. 

In the up-converter, the circuit responds to the sig- 
nal and the upper sideband and not to the lower side- 


band. Setting P, _ , = 0 in the Manley-Rowe relation, 
we obtain 


Pots = PE * (_p,) 


Here the two powers are of opposite sign. Hence, if 
we want power out at one frequency, we must put 
power in at the other. In particular, if we inject power 
at frequency s, that is, make P, negative, we can ex- 
tract (p+ s)/s times as much power at the fre- 
quency, p-+ s. 

An experimental up-conversion amplifier built by 
Airborne Instruments Laboratories is shown in outline 
in Fig. 15. A variable-capacitance diode is mounted in 
each of the collinear arms of a hybrid junction. The 
diodes are mounted with reversed polarities so that 
their capacitances vary in phase when they are ex- 
cited by the out-of-phase pump signals coming from 
the E-arm. The signal is impressed in-phase on both 
diodes resulting in two amplified signals at the upper- 
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sideband frequency. These in-phase signals are re~ — 
combined at the center of the junction and emerge 
from the H-arm. The hybrid junction thus serves to 
provide individual ports fot the input signal, pump 
and output. To ensure operation as a true up-con- 
verter, i.e., to eliminate any negative-resistance gain, 
the output waveguide is equipped with a filter de- 
signed to pass the upper sideband only and to place 
a short in the plane of the diodes at the lower-side- 
band frequency. The up-conversion amplifier by itself 
has a noise figure of only 0.7 db. Because of the limited 
gain of the amplifier (11 db), the noise contribution 
from the subsequent stage cannot be neglected. It 
will tend to raise the over-all system noise figure to 
a value higher than that of the up-converter stage. 


Lower Sideband Up-Converter 

This is the third and last type of parametric ampli- 
fier to be described here. A comparison of the fre- 
quencies involved in this type of operation with those 
involved in the negative-resistance and up-conversion 
amplifiers is given in Fig. 16. The lower sideband up- 
converter is, essentially, a negative-resistance ampli- 
fier differing, however, from the type we considered 
earlier in two respects: 

(1) The useful output is no longer at the signal 
frequency but rather at the lower sideband or 
image frequency, that is, at a higher frequency. 

(2) The signal frequency is no longer close to half | 
the pump but, rather, very much lower. This 
makes possible the introduction of up-conver- 
sion gain in addition to the negative resistance 
gain which is inherent in lower-sideband op- 
eration. 

This amplifier has advantages both with respect to 
the pure negative-resistance type as well as the pure 
up-converter. Compared to the former, it offers im- 
proved stability since for a given over-all gain only 
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Fig. 16—Comparison of frequencies used in the three 
basic types of variable-capacitance amplifiers. 
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part of this gain is derived from negative-resistance 
% gain with the rest coming from stable up-conversion 
ix gain. Compared to the pure up-converter, it offers the 
advantage that the available gain is no longer limited 
by the ratio of output to input frequency. 

| There is also a noise advantage in this operation. 
i We saw before, in the case of the ideal negative-resist- 
} ance amplifier, that image noise effectively doubled 
| the noise in the signal channel and thereby put a 3 db 
@ floor under the noise figure. In the lower sideband 
up-converter the effect of image noise is much less 
serious. Again, the noise in the output channel stems 
from noise introduced at the signal and image channels 
but while the signal-band noise is amplified both by 
; negative-resistance and up-conversion gain, the image 
noise is amplified by a smaller amount, namely, nega- 
tive-resistance gain only. 

Fig. 17 shows the basic features of a lower-sideband 
up-converter developed at the Bell Telephone Labo- 
ratories by H. Seidel and coworkers for application in 
a scatter-propagation system. This amplifier has 
achieved an over-all system noise figure of about 1.5 
db. Its gain and bandwidth are 20 db and 20 me re- 
spectively. 


Noise Performance Comparison: Tubes, 
Parametric Amplifiers and Masers. 

In Fig. 18 we see a performance comparison for the 
three principal types of low-noise microwave amplifi- 
ers: vacuum tubes, parametric amplifiers and masers. 
For convenience, noise performance is expressed both 
as Noise Figure in db and as Equivalent Noise Tem- 
perature in °K. The top curve shows the best noise 
performance obtained with experimental vacuum tube 
amplifiers. At 500 mc a closed-spaced planar triode 
developed by Von Ohlsen at the Bell Laboratories has 
yielded a noise figure of 2.5 db. At 3000 mc, noise fig- 
ures of 3.5 db have been obtained by Currie of Hughes 
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Fig. 17—Lower sideband up-converter for use in a scat- 
ter propagation system. Due to H. Seidel et al. of Bell 
Telephone Laboratories. 
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Fig. 18—Noise performance comparison of vacuum tubes, 
parametric amplifiers, and masers. 


Aircraft Company in a backward-wave amplifier and 
also by St. John and Caulton of the Bell Laboratories 
in a traveling-wave tube. At X-band, noise figures of 
about 6 db have been obtained with traveling-wave 
tubes both at Stanford University and at the Bell 
Laboratories. This listing of low-noise tube perform- 
ance is by no means complete but indicative of the 
present state of the art. 

Maser noise performance is illustrated by the lowest 
curve in Fig. 18. The two experimental points on this 
curve represent measurements made at Bell Labora- 
tories by Scovil and DeGrasse on ruby traveling-wave 
masers. ; 

Parametric amplifier noise performance lies in the 
general region between low noise tubes and masers. 
It is represented by two dashed lines giving computed 
performance and by five experimental points. The 
computed curves are based on measured parameters 
of GaAs diodes and on the assumption of optimized 
treatment of idler noise. This optimization may take 
the form either of using a sufficiently high pump fre- 
quency or of refrigerating the idler load. The GaAs 
diode itself is assumed to be at room temperature in 
the upper curve and at liquid nitrogen temperature in 
the lower one. 

The two experimental points on the left show results 
obtained with silicon junction diodes in negative-re- 
sistance up-converters at 1000 and 2000 mc respec- 
tively. The remaining three experimental points in 
Fig. 18 pertain to single side-band performance ob- 
tained in negative resistance amplifiers employing 
GaAs diodes both at room and liquid nitrogen tem- 
peratures. 

Finally, Fig. 18 shows the variation of sky noise with 
frequency. This noise has a minimum in the range 
from 1500 to 10,000 mc. Beyond this frequency band, 
sky noise climbs rapidly due to oxygen and water 
vapor absorption while below it, the increasing sky 
temperature is due to galactic noise. The width of the 
sky noise plot indicates the effect of antenna angle, 
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with the lower bound corresponding to a vertical an- 
tenna angle and the upper one to an angle of 60° with 
the vertical. For larger angles, the noise temperature 
of the sky increases rapidly and reaches about 200°K 
for an antenna pointed at the horizon. 

Thus we see that as far as noise temperature is con- 
cerned, tubes are most closely matched to the sky in 
the several-hundred megacycle range, parametric am- 
plifiers in the uhf and low microwave region and ma- 
sers in the mid-microwave range. Masers, therefore, 
are most suited for applications in this latter fre- 
quency range providing the antenna angle does not 
greatly exceed 60° and providing, also, the circuit ele- 
ments preceding the maser in the receiver chain have 
very low loss. This then, makes the maser a strong 
contender for applications involving the reception of 
weak microwave signals which traverse the atmos- 
phere at a steep angle. Such signals are encountered 
in space and satellite communication, radio astronomy, 
and missile defense. In the below-1000 me range 
masers are ruled out because of the high sky noise 
temperature. Above 15,000 mc, where sky noise is 
also high, masers are of interest primarily because of 
the absence of economically competing low noise am- 
plifiers. 


Eliminating these special applications for which 
masers appear peculiarly suited, this leaves paramet- 
ric amplifiers and low-noise tubes in competition for 
the majority of microwave applications including ra- 
dar and radio relay communications. Here the para- 
metric amplifier offers the important advantage of 
superior noise performance, while the traveling wave 
tube—in part for basic reasons and in part because 
of its more advanced state of development—offers 
simplicity (no microwave pump), stability, band- 
width, and the capacity to handle large overloads. In 
the uhf and low microwave range, i.e., at frequencies 
where the pump signal could in time be generated by 
transistors, the diode parametric amplifier holds out 
hope for an all-solid-state low-noise receiver. In ad- 
dition to low noise, such a receiver would offer fea- 
tures of particular importance for satellite borne ap- 
plications, namely, the potential for long life and very 
low power drain. 
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A Review of the Transistor Chopper* 


W. S. MASSEYt 


HE SEARCH FOR LOW LEVEL modulators for con- 
[esi de to ac has led to a wide variety of 
physical and even chemical devices. Although 
the electro-mechanical chopper has never been sur- 
passed in its ability to penetrate to low levels (a few 
microvolts or less) a natural mistrust of mechanical 
devices has spurred the search for a “solid state” mod- 
ulator. Despite continued improvement in the electro- 
mechanical chopper or contact modulator which en- 
ables it to perform during shock, acceleration and 
vibration with a life expectancy of 4,000 hours, the 
appeal in a solid state device has led to a host of mod- 
ulators among which are the photo, capacitor, mag- 
netic, diode, vacuum tube and transistor modulators. 
The latter is by far the strongest contender. Its noise 
level along with that of the magnetic modulator is the 
lowest available among all solid state modulators. 
In its most basic form, a transistor chopper would 
appear as shown in Fig. 1. The transistor is alter- 
nately biased on (to saturation) and off by the drive. 


*This article originally appeared in the Airpax Technical 
Journal and is reprinted here through the courtesy of Airpax 
Electronics Inc., Seminole Division, Ft. Lauderdale, Florida. 


yAirpax Electronics Inc., Seminole Division 
Ft. Lauderdale, Florida. 
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This permits current flow from the signal source to 
the load to be interrupted at the frequency of the 
drive. 

With this simple arrangement, several undesirable 
characteristics would be obtained. When the transistor 
is biased on, even fully saturated, a small potential 
difference exists between its collector and emitter. 
This voltage drop (which ranges from about one to 
one-hundred millivolts for different transistors) will 
come and go as the transistor is alternately turned 
on and off. Even in the case that the signal voltage is 
zero, this voltage will be present and will be coupled 
to the load where it will appear as an offset voltage 


SIGNAL 


Fig. 1—Basic transistor chopper circuit, spst. 
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of substantial magnitude. Some examples of this are 
shown for both sine and square wave drive voltages 
fin Fig. 2.* 
i Fortunately, it has been found that in most transis- 
ators, a lower saturation voltage drop may be obtained 
thy using the collector of the transistor for the emitter 
jiand the emitter for the collector. This inverted con- 
Ynection gives as much as a ten-fold improvement. 
® Fig. 3 gives some idea of the amount of improvement 
ti which is possible. Notice that the scale is the same as 
Hin Fig. 2. 
y A more effective remedy for this offset voltage may 
a take the form shown in either Fig. 4 or 6. In Fig. 4 
) the transistors are both on at the same time with their 
saturation voltage drops in opposition. If the transis- 
Htors are matched for equal voltage drops there is 
enearly complete cancellation. In Fig. 5a two transis- 
§ tors are shown in the normal connection (emitter for 
emitter, collector for collector) with the same scale 
# as Fig. 2 for comparison. In Fig. 5b the sensitivity has 
& been increased by a factor of 10 to permit closer ex- 
f amination of the same wave. Still further improve- 
ment is possible by using the inverted connection. 
In Fig. 6 the transistors are back to back and driven 
= out of phase so when one is on, the other is off. The 
§ result is that the voltage drop of one or the other 
: transistor is alternately coupled to the load with each 
» transistor on for nearly one-half cycle. If the transis- 
¢ tors are matched for equal drops, the result is a con- 
) stant de coupled to the load with no offset component. 
{ The results of this approach are shown in Fig. 7. In 
} both cases the de component is evident. Here the tran- 
| sistors were both connected inverted, but the normal 
) connection would give similar results except that both 
; the ripple and de component would be greater. 
Another characteristic of the chopper in Fig. 1 
which may be troublesome, is the result of the col- 
lector cutoff current of the transistor. This small cur- 
rent will pass through the load and, where the load 
impedance is high, can produce a substantial offset 
voltage. This problem can be reduced by using the cir- 
cuits shown in Figs. 4 and 6, if the transistors are also 
matched for equal cutoff currents. In Fig. 4 the cur- 
rents occur at the same time but in opposite directions 
' and tend to cancel. In Fig. 6 the transistors take turns 
» in supplying this current to the load, thereby cancel- 
ling any offset which might be caused. 

Two more factors may be helpful. Since the cutoff 
current has a high source impedance and is, therefore, 
independent of impedances external to the transistor, 
the voltage drop produced may be made small by 
making the load impedance as small as practical. Also, 
at any given temperature, the cutoff current of a sili- 
con transistor will be much less than its germanium 
counterpart. The effect of load impedance in the cir- 
cuit of Fig. 4 is demonstrated in Fig. 8. 


ae 


EE 


*In the following photographs, the top trace is the drive volt- 
age, 6.3 volts rms, 400 cps, either a sine wave or square wave 
as shown. It is shown to provide a phase comparison. All scale 
calibrations are per major division. 
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Fig. 2—(a) Noise voltage. Circuit: Fig. 1. Scale: 20 mv. 
Load: 1,000 ohms. (b) Noise voltage. Circuit: Fig. 1. 
Scale: 20 mv. Load: 1,000 ohms. 


Fig. 3—(a) Noise voltage. Circuit: Fig. 1 (collector and 

emitter interchanged). Scale: 20 mv. Load: 1,000 Ohms. 

(b) Noise voltage, Circuit: Fig. 1 (collector and emitter 
interchanged). Scale: 20 mv. Load: 1,000 ohms. 


INPUT OUTPUT 


———— eee) 
Fig. 4—Bilateral transistor chopper spst. 
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(b) 


Fig. 5—(a) Noise voltage. Circuit: Fig. 4. Scale: 20 mv. 


Load: 1,000 ohms. (b) Noise voltage. Circuit: 
Scale: 2 mv. Load: 1,000 ohms. 


Fig. 4. 


In both Figs. 1 and 6, it is apparent that switching 
action may be accomplished easily with signals of one 
polarity (the polarity which would tend to make the 
collector more negative than the emitter). The oppo- 
site polarity of signal may also be switched provided 
the reverse bias voltage applied from emitter to base 
exceeds the maximum signal voltage to be controlled. 
In this situation, a square wave is desirable. The 
difficulty which arises when a sine wave drive voltage 
is used with these circuits is illustrated in Fig. 9. Here 
the output waveform is distorted as a result of the 
time required for the drive voltage to reach a value 
which overrides the signal. If a square wave is used, 
this distortion is reduced as in Fig. 9b. 

In Fig. 4 this would present no problem since for 
either signal polarity, one transistor would be cut off 
as soon as its emitter-base junction was reverse 
biased. With this configuration, signal voltages as 
large as 100 volts may be controlled with drive volt- 
ages as small as one volt. 


INPUT DRIVE 


OUTPUT 


Fig. 6—Series-shunt transistor chopper spst. 
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(a) 


(b) 


Fig. 7—(a) Noise voltage. Circuit: Fig. 6 (collector and 

emitter interchanged). Scale: 2 mv. Load: 10,000 ohms. 

(b) Noise voltage. Circuit: Fig. 6 (collector and emitter 
interchanged). Scale: 2 mv. Load: 10,000 ohms. 


The linearity using arrangements of the form of 
Fig. 4 is limited, principally by offset and noise. Offset 
can be adjusted out elsewhere in the system, and in 
most cases, signal to noise ratios as low as unity still 
give good results since the noise is a constant. One 
more characteristic which should be considered is the 
effect of junction capacitance. This capacitance pro- 
vides an undesired means of coupling drive voltage 
into the load. Since the capacitance is voltage depend- 
ent and is maximum at the instant the transistor is 
being turned off, a spike of considerable amplitude 
may result. This spike can be suppressed by limiting 
the amplifier bandwidth (filtering). There is also a 
quadrature component of the drive voltage which 
reaches the load. This produces no offset in itself, but 
makes a noise component which may have a masking 
effect on small signals. With such a small capacitance 
(i.e., high reactance) the noise produced will be pro- 
portional to the load impedance and to the drive fre- 
quency used. Fig. 10 shows the effect of load imped- 
ance. (Note the difference in scales.) Where small 
signals must be considered, this effect becomes a 
limitation at much lower frequencies than those re- 
lated to actual switching time. 

While these characteristics may seem to restrict the 
usefulness of transistor choppers, their advantages 
may exceed their limitations. Since they use station- 
ary parts, they are not disturbed by extremely high 
shock, vibration or acceleration. They perform with 
very small lag so they operate in phase with their 
drive voltage, avoiding external correcting networks. 
Both phase angle and dwell time are nearly independ- 
ent of drive frequency, voltage, and temperature. 

Fig. 11 shows a typical application using the tech- 
niques of Fig. 4. Two pairs of bilateral switching tran- 
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% Fig. 8—(a) Noise voltage. Circuit: Fig. 4. Scale: 2 mv. 
*% Load: 100 Ohms. (b) Noise voltage. Circuit: Fig. 4. 
Scale: 2 mv. Load: 10,000 ohms. 


@ sistors are combined to form a spdt chopper used in 
1 this case in a balanced transformer input scheme. 
1 The spdt choppers with matched transistors and com- 
1 plete with isolating drive transformer are commer- 
} cially available in a miniature seven pin base can 
: (Airpax Electronics Incorporated, types 6025 and 
. 6035). Modulation and demodulation of input and out- 
§ put for an operational amplifier is shown in Fig. 12. 
. Clearly the transistor chopper can also be used in a 
+ host of other circuit applications where mechanical 
' choppers are now employed.* 


' *Cook, H. A., “The Contact Modulator, Part IV,” Airpax Elec- 
tronics, Incorporated, Ft. Lauderdale, Fla. 


(a) 


(b) 


Fig. 10—(a) Noise voltage. Circuit: Fig. 4. Scale: 2 mv. 
Load: 100 ohms. (b) Noise voltage. Circuit: Fig. 4. Scale: 
20 mv. Load: 10,000 ohms. 
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Fig. 9—(a) Signal voltage. Circuit: Fig. 6. Scale: 5 volts. 

Load: 10,000 ohms. Signal chopped: 5 volts d-c. (b) Sig- 

nal voltage. Circuit: Fig. 6. Scale: 5 volts. Load: 10,000 
ohms. 


The question naturally occurs, will the transistor 
entirely replace the contact modulator? The answer 
at the moment is no, for the reason that in most ap- 
plications such as dc amplification, choppers are used 
because of their low noise level. Here the transistor 
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Fig. 11—Bilateral spdt transistor chopper used as a full 
wave modulator. 
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Fig. 12—Bilateral spdt transistor chopper used as an 


input modulator-output demodulator. 
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chopper cannot compete. It is difficult to pin this down 
quantitatively since, as has been shown, noise or off- 
set depends quite markedly on the circuitry immedi- 
ately surrounding the chopper. However, in the case 
of a carefully designed de chopper amplifier the ofiset 
and drift referred to the input over ambient changes 
can be held to within 1 or 2 microvolts with the con- 
tact modulator, while with the transistor chopper this 
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figure would be about 50 or 100 microvolts. 

Life of transistor choppers is not yet known. Theo- - 
retically, the life of transistors is indefinite when con- : 
servatively used but on the other hand, the electro- - 
mechanical chopper is much less susceptible to 
catastrophic overloads than is the transistor. Life of ¢ 
electro-mechanical choppers is presently in the 2,000 
to 5,000 hour range. 


APPLICATIONS ENGINEERING DIGEST NO. 57 


Silicon Transistor Low Noise Audio 
Frequency Amplifiers; Texas Instru- 
ments Incorporated, Dallas, Texas. 


This Application Digest describes a 
low-noise, audio-frequency amplifier 
design using silicon transistors. This is 
done by first presenting transistor noise 
data and then showing the use of this 
data to design an amplifier with pre- 
dictable noise performance. The 2N338 
is used; its high gain at low current 
levels together with its low leakage 
currents make it suitable for amplifier 
input stages. The noise performance 
data is shown for a temperature range 
of —52 to +100°C, enabling the design 
of low-noise input stages using the 
2N338 over this temperature range. 


Types of noise 


Noise can be defined as any un- 
wanted signal present in the amplifier. 
This digest will consider only those 
unwanted signals which are generated 
within the transistor. In classifying 
these noises three types are usually 
distinguished: thermal, shot, and excess 
or 1/f noise. Thermal noise is caused 
by the random motion of carriers in 
the transistor’s bulk resistance. Shot 
noise can be attributed to random diffu- 
sion of minority carriers and to ran- 
dom recombination and generation of 
hole-electron pairs. This type of noise 
is independent of frequency to a value 
of approximately (1+ hy»)? x fa. 1/f 
noise can be attributed to fluctuations 
in the current density caused by some 
modulation mechanism. Generally 1/f 
noise is divided into a component caused 
by random changes at the transistor’s 
surface and a component caused by 
random variations in the leakage path 
around the transistor’s junctions (pri- 
marily the reverse-biased collector 
junction). The main characteristic of 
1/f noise is its 1/f" spectrum. 


Design of Low Noise Amplifiers 


To demonstrate how the presented 
noise data can be used in design, the 
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test amplifier in Fig. 57.1 was designed. 
The amplifier was driven with an 
Re=5.6K ohms. A first-stage noise 
figure of 5 db (f=1.41 kc) can be 
achieved if the transistor is biased at 
In = 20 wa and Ver =5 volts. The re- 
sistor values chosen for the bias net- 
work are determined by bias stability 
factors. 


Ss 6Ic Rp + Re 
= a = ee 
sIcpo «=60Rep (1+ Ars) + Re 
6 ole i me 
See = 
Ven Rep (lth rs) +Re 
ee eee 
By dh’ ve —wl tq 
where: 


Rp = Thevenin’s equivalent resistance 
of base bias supply, and 
Rp = external d-c emitter resistance. 


The total collector current change is 
equal to the sum of the individual 
changes. The effect of the base divider 
network and any un-bypassed emitter 
resistance will always increase the 
minimum transistor noise factor for a 
given bias condition, F,,;,), and will 
increase or decrease the value of Re re- 


quired to give this minimum, Re,,,,)- If 
the following conditions are satisfied 
however, this effect will be negligible: 


1. Re/Re > 10 


2. R./Re < 0.1 (R, is the un-bypassed 
smitter resistance) 


The second stage is operated at 
I, = 100 wa and Vcz =5 volts. The gen- 
erator resistance seen by this stage is 
equal to the parallel combination of the 
base-bias network and d-c collector 
load resistance of the first stage. This 
results in Re = 100K ohms for the sec- 
ond stage, and gives an approximate 
F = 12.34 db. Since 


Fo —1 
Gi 


Dep Pa he 


Fa =F, 


1 


=! 


z 


In this application: = 0.1 Fy 


This was considered a great enough 
difference for the noise of the second 


Fig. 57.1—Low noise test amplifier. 
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zy: ‘stage to be neglected. The gain of the 
| first stage necessary to satisfy this 


Fo -1 
0.1 Fy 


@condition is G, = 


Inserting the known values of F; and F» 
vy gives: 


eee | 16.2 
Se ole = 17.1 db 
0.1 (3.16) 0.316 


1 

The first-stage gain requirement can 
be reduced if the generator resistance 
seen by the second stage is nearer opti- 
mum. The obvious method is to use 
transformer coupling. If RC coupling is 
used, a small d-c voltage drop across 
R, will help. Another method is to by- 
& pass part of R,; to ground. 

The remaining amplifier design is 
straightforward unless some type of 
feedback is employed for a-c stability. 
The effect of feedback on the noise 
factor and its optimization depends on 
the particular application. This topic is 
covered in various references. 


Amplifier Performance 


Noise performance of the test ampli- 
fier is shown in Fig. 57.2 and 57.3. Fig. 
57.2 is a plot of Fs versus frequency, 
while Fig. 57.3 shows the variation of 
F. with generator resistance. The noise 
figure of the amplifier was measured 
at f=1.41 ke and Ts = 100°C. Measure- 


MICROAMPERES 
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MILLIVOLTS 


(a) 


ments were made using two different 
transistors in the first stage. The noise 
figures were 5 db and 5.2 db respec- 
tively. Measurements were also made 
at Ts—=-—50°C. The measured noise 
figures were 20 db and 15 db. It is 
obvious that the conditions necessary 
for Fs ~ F, do not hold at this tem- 
perature, This condition is due primar- 
ily to the increase in F, and the de- 
crease of .G; at Ti = —50°C; 
Transformer coupling between the 
first and second stage would substan- 
tially improve amplifier performance 
for low temperatures. This is primarily 
due to the lower values of F. obtained 
by optimizing the generator resistance 
seen by the second stage. Several points 
must be kept in mind while evaluating 
the variation of noise factor with tem- 
perature. The data is based on only 


F,x—db 
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FILTER CENTER FREQUENCY — ke 


Fig. 57.2—F, vs. F—test amplifier 
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Silicon Uni-Tunnel Diodes for Low 
Level Bridge Modulation; Hoffman 
Electronics Cor'p., El Monte, Calif. 


The Hoffman Silicon uni-tunnel 
diode, or “backward” diode, is a 
unique development of tunnel diode 
technology which utilizes the quantum 
mechanical tunneling effect to produce 


MICROAMPERES 


MINT IVOLTS, 


(b) 


Fig. 58.1—(a) Uni-tunnel type HU-57 forward character- 
istics. (b) Uni-tunnel, type HU-5, reverse characteristics. 
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three units; there is no justification for 
saying all 2N338’s will have the same 
characteristics; and surface conditions 
play a major part in 1/f noise, which 
explains the many variables associated 
with this type of noise. 

The compromises necessary for low- 
noise performance are due to the low 
levels of emitter current required, 
which reduces the magnitude of both 
hr, and f.. However, these reductions 
do not place a serious handicap on 
2N338 performance. For example, the 
voltage amplification of the amplifier 
was 2000 (vour=1-volt rms) at Ta= 
—50°C and the 3-db bandwidth was 80 
cps to 30 ke. If operation over a wider 
frequency range is required, then the 
primary compromise will be between 
bandwidth and noise performance. 


ryt 
= 1.41 ke |} 4]! 
| 


= 127 cps | 


1.0 10 100 
Rg — K ohms 


Fig. 57.3—F, vs. R, test amplifier 


APPLICATIONS ENGINEERING DIGEST NO. 58 


high forward conductance at low volt- 
age levels (Fig. 58.1a). When biased in 
the reverse direction, the uni-tunnel 
diode exhibits a leakage tunneling cur- 
rent of microampere magnitude, as 
shown in Fig. 58.1b. The device is 
highly stable over an operating tem- 
perature range of —85°C to +200°C. 
When used as a rectifier, the uni-tunnel 
diode has a forward voltage drop many 
times smaller than that of a conven- 
tional diode while maintaining high re- 
verse impedance. 

The characteristics of the uni-tunnel 
diode, previously unattainable in semi- 
conductor devices, make it ideal for ap- 
plication in modulators, computers, 
detectors, clampers, and tunnel diode 
circuitry. This digest will present the 
use of the uni-tunnel diode in one such 
application: low-level bridge modula- 
tion. 


General Description 


The bridge modulator circuit shown 
in Fig. 58.2a utilizes four Hoffman-type 
HU-5 silicon uni-tunnel diodes. The 
circuit may best be understood by com- 


47 


paring it to the mechanical shunt switch 
shown in Fig. 58.2b which is an exact 
equivalent if the carrier is an a-c square 
wave. 

When the shunt switch is in its “on” 
state, the output is zero (short cir- 
cuited), and when the switch is in its 
“off” state, the signal appears in the 
output. Similarly, when the four uni- 
tunnel diodes in the bridge modulator 
circuit are forward biased, assuming all 
four are equal, the output is essentially 
short circuited. When reverse biased, 
an open circuit is obtained and the 
input signal appears at the output. 


Fig. 58.2—(a) Modulator circuit (theoretical). (b) Equivalent shunt switch. 


APPLICATIONS ENGINEERING DIGEST NO. 59 


10 me Schmitt Trigger; Motorola Semi- 
conductor Products Inc., Phoenix, Ari- 
zona. (W. D. Roehr) 


Basic Circuit 


The operation of this circuit is easily 
explained, using the basic circuit shown 
in Fig. 59.1. The d-c conditions are ad- 
justed so that T, is conducting heavily 
and T» is cut off. A workable set of 
voltages are shown on the figure. A 
positive going input signal starts to cut 
off T,, causing its collector voltage to 
rise toward V.c, turning on T». The re- 
sulting increase in current through the 
common emitter resistor produces a 
voltage which serves to speed the cut 
off of T:. Return to the original state 
occurs when the input signal again 
allows T, to conduct. The circuit must 
obviously be unsymmetrical, because 
the on current through T. must be 
greater than the on current of JT) in 
order to hold T, cut off. The greater the 
loop gain of the system, the better will 
be the “snap” action of the circuit. That 
is, the region of input voltage where 
erratic operation occurs will be mini- 
mized. Therefore, a “speed-up” capaci- 
tor C2 is generally needed to increase 
loop gain during the switching interval. 
The circuit could also be used by hav- 
ing T; normally cut off and T. normally 
conducting. 


A Practical Example 


The basic circuit of Fig. 59.1 was 
modified to produce a Schmitt Trigger 
which would operate from 100 cps to 
10 mes, using mesa type 2N695 and 
2N705 transistors. The final circuit is 
shown in Fig. 59.3. 

The basic limitation of the circuit 
speed is the “speed-up” network. The 
capacitor should be large for fast rise 
times, but the time constant must be 
small compared to the repetition fre- 
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quency. Therefore, the emitter follower 
Ts is employed to permit reduction of 
the values of resistors R: and Rs. The 
emitter follower also provides a low 
capacitance load on the collector of Ti. 
The second emitter follower T; provides 
a low impedance output. 

Output waveforms at various fre- 
quencies are shown in Fig. 59.2. A 0.5 
volt peak to peak input signal will pro- 
duce a stable pulse output. The input 
impedance is 450 ohms at low frequen- 
cies, decreasing to approximately 400 
ohms at 1 mc and 300 ohms at 10 me. 
The output impedance is 30 ohms. 

Performance at high temperatures 
was not checked, but 70 wa of Ico was 
simulated, using a battery and series 
resistor. D.C. potentials changed only 
slightly and changes in circuit opera- 
tion were negligible. This value of 
Ico is typically what might be expected 
of the 2N695/2N705 at 100°C junction 
temperature. Excellent stability should 
be expected since the resistors used in 
the base circuits are small and the 
emitter resistors large, comparatively 
speaking. Random samples of 2N695 and 
2N705 transistors have been used with 
no change in performance. 


Fig. 59.1—Basic trigger circuit. 


200 400 600 800 1000 ° 80 160 240 320 400 


TIME (ns) TIME (ns) 
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Fig. 59.2—Output waveforms. 


Fig. 59.3—The Schmitt trigger circuit. 
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October 21, 1958 

2,857,518 Transistor Blocking Oscillator— 
R. C. Reed. Assignee: North American 
Aviation, Inc. A blocking oscillator capa- 
ble of high frequency operation and 
which maintains pulse width output un- 
der conditions of varying frequency in- 
put. 


2,857,526 Selective Pulse Translating Sys- 
tem—E. B. Galton. Assignee: Hazeltine 
Research Inc. A system which automati- 
cally compensates for alterations of tran- 
sistor parameters. 


2,857,527 Semiconductor Devices Including 
Biased P+P or N-+_N Rectifying Barriers 
—J. I. Pankove. Assignee: Radio Corpo- 
ration of America. A device which re- 
duces surface recombination velocity by 
employing a rectifying barrier between 
' the surface region and the bulk of the 
“body of the device, and by maintaining 
a difference of potential between the two 
regions sufficient to repel minority charge 
carriers. 


2,857,560 Semiconductor Unit and Method 
of Making It—G. L. Schnable, M. Sadow- 
sky. Assignee: Phileo Corporation. A 
method of plastic encapsulation of a 
semiconductor device in a plastic material 
in which are embedded filler particles 
which promote the thermal conductivity 
of the casing. 


2,857,573 Frequency Modulated Transistor 
Oscillator—H. C. Lin. Assignee: Radio 
Corporation of America. A transistorized 
frequency modulated carrier wave gen- 
erator in which one transistor performs 
the function of a reactance tube, an oscil- 
lator, and a limiter. 


October 28, 1958 

2,858,199 Crystal Production—C. C. Lar- 
son. Assignee: International Telephone 
and Telegraph Corp. A method in which 
a crystal of semiconductor is drawn in 
vacuum from a block of said substance, 
the central portion of which has been 
melted by electron bombardment. 


2,858,239 Method for Producing Selenium 
Rectifiers—E. Nitsche. Assignee: Siemens 
Schuckertwerke Aktiengesellschaft. Meth- 
od of manufacturing selenium rectifiers 
having low differential resistance with 
respect to their passage properties but 
which will sustain high blocking voltages. 


2,858,246 Silicon Single Crystal Conductor 
Devices—G. L. Pearson. Assignee: Bell 
Telephone Laboratories. A device having 
a large number of minute discrete sur- 
face regions in a uniform geometrical 


*Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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configuration, the conductivity of said 
surface regions being opposite to that of 
the base material. 


2,858,371 Telephone Subscribers Appara- 
tus—A. F. Jones. Assignee: General Elec- 
tric Co. Ltd. A telephone set which in- 
cludes a transistor amplifier. 


2,858,379 High Input Impedance Transistor 
Amplifier Circuits—T. O. Stanley. As- 
signee: Radio Corporation of America. 
An amplifier circuit with high input im- 
pedance in which output load impedance 
variations have a negligible effect on the 
input impedance. 


2,858,423 Feedback Circuit for Semicon- 
ductor Amplifiers—A. P. Stern. Assignee: 
General Electric Company. An automatic 
gain control circuit for a semiconductor 
amplifier. 


2,858,424 Transistor Amplifier with Auto- 
matic Collector Bias Means Responsive to 
Signal Level for Gain Control-A. P. Stern, 
J. A. Raper, Assignee: General Electric 
Company. A circuit, the amplitude stabi- 
lizing properties of which are independent 
of fluctuations in supply voltage. 


2,858,438 Voltage Comparators—L. C. Mer- 
rill. Assignee: luternational Telephone & 
Telegraph Corporation. A multiar-type 
circuit for comparing two voltages and for 
obtaining a distinct signal when those 
two voltages are equal. 


2,858,456 Power Control Circuitry—G. H. 
Rayer, R. L. Bright. Assignee: Westing- 
house Electric Corporation. A pulse width 
modulator for a power control circuit, the 
output voltage of said modulator having 
a time duration that is functionally re- 
lated to the amplitude of the direct 
control voltage. 


2,858,489 Power Transistor—H. W. Henkels. 
Assignee: Westinghouse Electric Corpora- 
tion. A high power junction transistor 
having small current flow paths between 
the emitter and the base, and broad area 
metal surface electrode structures to 
which heat exchange surface may be 
connected. 


November 4, 1958 

2,858,598 Manufacture of Crystal Contact 
Devices—R. G. Power, C. Green, G. 
Mayes. Assignee: The General Electric 
Company Ltd. A contact assembly for 
crystal contact devices, wherein the 
spacing between the various contact 
points are accurately fixed. 


2,858,730 Germanium Crystallographic 
Orientation. J. S. Hanson. Assignee: In- 
ternational Business Machines Corpora- 
tion. An optical method of orienting a 
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and Circuits and Applications 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
Oct. 21, 1958 to Nov. 25, 1958. In subsequent issues, patents issued from Nov. 25, 1958 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


monocrystalline germanium ingot to de- 
termine the location of a particular crys- 
tallographic plane and a means for 
mounting said ingot for dicing normal to 
a particular axis of the crystal structure. 


2,859,140 Method of Introducing Impuri- 
ties Into A Semiconductor—E. N. Clark. 
Assignee: Sylvania Electric Products. A 
controlled heating and fusion method. 


2,859,141 Method for Making a Semicon- 
ductor Junction—S. P. Wolsky. Assignee: 
Raytheon Manufacturing Company. A 
device having a fusion type junction 
which is created by rapid cooling and 
recrystallization of a quanity of molten 
indium on a germanum base. 


2,859,142 Method of Manufacturng Semi- 
conductor Devices—W. G. Pfann. As- 
signee: Bell Telephone Laboratories. A 
method involving wetting two electrodes 
with molten semiconductive material, 
said electrodes being spaced so that 
surface tension causes a continuous por- 
tion of molten semiconductor between 
them. 


2,859,286 Variable Gain Devices—D. P. 
Kennedy. Assignee: Raytheon Manufac- 
turing Company. A transistorized auto- 
matic gain control system. 


2,859,289 Transistor Controlled Magnetic 
Amplifier—C. B. House. Assignee: None. 
A transistor controlled, half-cycle re- 
sponse time, magnetic amplifier, includ- 
ing a compensating circuit for transistor 
characteristics. 


2,859,356 Transistor Control Circuit for 
Parallel Generators—C. W. King. As- 
signee: General Motors Corporation. 
Means of controlling the field of two 
variable speed alternators connected in 
parallel so that their outputs will be 
equal. 


2,859,357 Control Circuit For Parallel Gen- 
erators—W. H. Schmeling. Assignee: 
General Motors Corporation. Means of 
controlling the field of two d-c genera- 
tors connected in parallel so that their 
outputs will be equal. 


2,859,360 Wave Generator—J. J. Suran. 
Assignee: General Electric Company. A 
method for obtaining constant charging 
current in a semiconductor saw-tooth 
wave generator circuit. 


2,859,393 Electric Semiconductor Devices— 
J. N. Aldington. Assignee: Siemens Edi- 
son-Swan Ltd. (England). A semiconduc- 
tor device wherein the crystal is in the 
form of a lamina with electrodes bearing 
against opposite sides thereof. 
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2,859,394 Fabrication of Semiconductor 
Devices—J. Berman. Assignee: Sylvania 
Electrie Products. A method of manu- 
facturing a point-contact device wherein 
the semiconductor element is brazed onto 
its support. 


2.859.407 Method and Device for Measur- 
ing Semiconductor Parameters—H. KS 
Heinsch. Assignee: Sylvania Electric 
Products Inc. A method of using an elec- 
trically energized coil and a source of 
radiation to measure the resistivity and 
minority carrier lifetime of a semicon- 
ductor specimen. 


2,859,408 Binary Pulse Modulator—J. 
Holzer. Assignee: U.S.A. (Department of 
the Army). A modulation system in which 
every d-c level provides a discrete code 
output and in which errors due to in- 
correct interpretation at an intended re- 
ceiver are not cumulative. 


November 11, 1958 

2,860,193 Stabilized Transistor Amplifier— 
J. E. Lindsay. Assignee: Radio Corpora- 
tion of America. In a class B amplifier, 
circuitry providing a large degree of d-c 
stabilization with every little a-c degen- 
eration. 


2,860,195 Semiconductor Amplifier Cir- 
cuit—T. O. Stanley. Assignee: Radio Cor- 
poration of America. A push-pull ampli- 
fier circuit with a transistor driving stage, 
said circuit providing efficient coupling 
of the driver signal current to the push- 
pull stage. 


2,860,196 Transistor Amplifier With Over- 
load Protection—J. B. Schultz. Assignee: 
Radio Corporation of America. A circuit 
for preventing the overloading of the 
signal amplifying stage of a radio re- 
ceiver and for allowing satisfactory 
operation without appreciable distortion 
despite the reception of very strong 
signals. 


2,860,218 Germanium Current Controlling 
Devices—W. C. Dunlap Jr. Assignee: 
General Electric Company. Germanium 
devices which are highly thermoconduc- 
tive and photoconductive when main- 
tained at temperatures between —100°C 
to —200°C. 


2,860,219 Silicon Current Controlling 
Devices—E. A. Taft, Jr., F. H. Horn. 
Assignee: General Electric Company. 
Silicon devices having highly thermo- 
sensitive resistivities in the range —80°C 
to 100°C, and having pronounced photo- 
conductive properties, particularly in the 
infrared range at temperatures between 
—100°C to —200°C. 


2,860,215 Apparatus for Manufacturing 
Semiconductor Devices—S. Pakswer, 
R. G. Pohl. Assignee: The Rauland Cor- 
poration. Apparatus for forming alloy- 
type junctions upon a selected limited 
area of the surface of a semiconductor 
after having precisely determined the 
location of said junction. 


2,860,258 Transistor Decade Counter—A. D. 
Hall. Assignee: Bell Telephone Labora- 
tories. A decade counter in which four 
single transistor trigger stages are con- 
nected in tandem and in which circuitry 
is used to make the counter reset at the 
tenth pulse. 


2,860,259 Electrical Circuits Employing 
Transistors—A. D. Odell, J. D. Reynolds, 
P. W. Harrild. Assignee: International 
Standard Electric Corporation. A multi- 
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stable register circuit including a single 
crystal triode for each stage thereof. 


2,860,260 Transistor Integrator—L. Sykes. 
Assignee: USA (Department of the 
Navy). A transistorized, direct nonin- 
verted voltage output producing voltage 
integrator which uses silicon high-alpha 
junction transistors. 


2,860,261 Device for Supplying a Signal 
to One of a Plurality of Output Con- 
ductors—A. F. Verkruissen. Assignee: 
North American Philips Company, Inc. 
The circuit achieves its objective by 
means of chain of voltage controlled 
change-over contacts. 


2,860,291 Junction Type Transistor Struc- 
ture—E. C. Karnavas. Assignee: Texas 
Instruments Inc. In an n-p-n junction 
transistor a crystal contact wire is fused 
to the p layer in such a way as to pene- 
trate the crystal during the operation. 


2,860,322 Barium Titanate Memory Device 
—H. L. Stadler. Assignee: Bell Telephone 
Laboratories. A method of eliminating 
decay of the polarization of a barium 
titanate crystal under repeated pulsing 
by cooling and maintaining the crystal to 
below —195°C. 


November 18, 1958 

2,861,017 Method of Preparing Semicon- 
ductor Devices—V. W. Bearinger. As- 
signee: Minneapolis Honeywell Regulator 
Company. A method of forming a junction 
which reduces the tendency of the junc- 
tion forming materials to migrate into 
the semiconductor body. 


2,861,018 Fabrication of Semiconductor 
Devices—C. S. Fuller, M. Tannenbaum. 
Assignee: Bell Telephone Laboratories. 
A diffusion method for controlling the 
configuration and location of p-n junc- 
tions in silicon junction transistors. 


2,861,160 Making Photodetectors—S. H. 
Hersh. Assignee: None. Application of a 
direct voltage across the mating surfaces 
of a pair of cadmium sulphide crystals 
renders them photoconductive. 


2,861,161 Photoconductive Target—N. C. 
Anderson. Assignee: Electronics Corpora- 
tion of America. A plate shaped target 
on which is an array of layer type photo- 
conductive areas. 


2,861,165 Infrared Emitting Devices—P. 
Aigrain, C. Benoit. Assignee: Compagnie 
Generale Telegraphie Sans Fils (France). 
A semiconducting body provides control- 
lable infrared emitting device having 
small volume and requiring low modulat- 
ing energy. 


2,861,199 Latch Circuits—R. A. Henle. As- 
signee: International Business Machines 
Corporation. A bistable single transistor 
latch circuit utilizing a high current- 
gain transistor. 


2,861,200 Trigger Circuits Employing Junc- 
tion Transistors—R. A. Henle, R. W. 
Emery, G. D. Bruce, O. L. MacSorley. 
Assignee: International Business Ma- 
chines Corporation. A transistorized trig- 


ger circuit operable at high signal pulse 
frequencies. 


2,861,201 Electronic Pulse Sealing Circuits 
—E. H. Cooke. Assignee: USA (Atomic 
Energy Commission). A sealing circuit 
employing a common turn-off pulse and 
employing fewer elements than the scal- 
ing factor of the circuit. 


2,861,226 High Current Rectifier—W. F 
Lootens. Assignee: General Electric Com- | 
pany. A semiconductor junction rectifier : 
capable of passing 50 amperes at 300 volts 3 


peak inverse voltage and capable of with- 
standing a corresponding 50 watt heat 
dissipation. 


2,861,227 High Voltage Dry Rectifier—F. 
Scherbaum. Assignee: 
kertwerke Aktiengesellschaft (Germany). 
A multistack annular shaped space saving 
dry rectifier. 


2,861,228 Semiconductor Unit—G. C. Rich. 


Assignee: Motorola Incorporated. A point ; 
contact transistor having emitter and | 


collector electrodes which are thin metal- 
lic coatings on an insulating disc and 


Siemens-Schuc- - 


' 
, 
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which are in substantially point-contact . 


with the interface junction of a semicon- 
ductive crystal. 


2,861,229 Semiconductor Devices and 
Methods of Making Same—J. I. Pankove. 
Assignee: Radio Corporation of America. 
A photoconductive device employing a 
germanium body having a _ hook-type 
electrode. 


2,861,230 Calorized Point Contact Elec- 
trode for Semiconductor Devices—T. E. 


LeLoup. Assignee: General Electric Com- . 


pany. A point-contact device wherein the 
described platinum point-contact elec- 
trode is calorized by heating in a mixture 
of aluminum and alumina powders and 
thereafter subjected to a nonoxidizing 
heat treatment. 


2,861,237 Transistor Switch Voltage Regu- 
lator—W. B. Zelina. Assignee: General 
Electric Company. A voltage regulator for 
a generator which uses a transistorized 
rectangular wave oscillator the output 
voltage of which has no significant aver- 
age d-c component. 


2,861,258 Transistor Amplifier Circuit— 
J. C. Logue, R. L. Martin. Assignee: In- 
ternational Business Machines Corpora- 
tion. A high input impedance, wide 
bandwidth, transistor amplifier circuit in- 
cluding a two-transistor single-shot trig- 
ger circuit; used for generating a square 
wave output in response to signal pulses 
from a magnetic read head. 


November 25, 1958 

2,861,903 Method of Forming Photoresis- 
tive Coatings and Composition—W. Hei- 
mann. Assignee: Societe Nouvelle de 
L’Outillage R.B.V. et de La Radio Indus- 
trie (R.B. VR.I) (France). An infrared 
sensitive photoresistive material made of 
cadmium sulphide and a selenium or tel- 
lurium compound additive, said material 
being capable of a few milliwatt power 
output without the use of an amplifier. 


2,861,909 Semiconductor Devices—S. G. 
Ellis Assignee: Radio Corporation of 
America. A method for making large 
area efficient current collecting electrodes 
for semiconductor devices. 


2,861,931 Electrolytic Etching Process— 
J. W. Faust Jr. Assignee: Westinghouse 
Electric Corporation. A method for elec- 
trolytically etching silicon in which an 
electrolyte consisting of hydrofluoric acid 
and an anhydrous hydrophillic solvent 
is employed. 


[To Be Continued] 


SEMICONDUCTOR PRODUCTS e FEBRUARY 1961 


SEMICONDUCTOR & SOLID-STATE BIBLIOGRAPHY 


TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


Transistor Dissipation During Fast 
} Switching 


I 


ction Generators Using the 


WSilicon Transistor-Resistor Logic 
ircuit 


WDesign of a Long Time Constant 
Asymmetrical Transistor Multivi- 
) brator 

Designing Low Noise Transistor 
» Circuits 

Wideband Video Amplifier Design 
/Using Mesa Transistor 

‘Flow Graph Speeds Transistor Cir- 
cuit Analysis 

Optimum Design of Transistor 
Communications Circuits 


Drive Circuit Design for High- 
Speed Memories 


Controlled Rectifier Frequency 
Multiplier Uses Inverter Principles 


The Binistor A New Semiconduc- 
tor Device 


Determining Transistor Power Dis- 
sipation 


Turn-Off Circuits for Silicon 


Controlled Rectifiers 


Tracing Tunnel Diode Curves 
Transistor Heat Sink Calculations 


Analog Multiplication Using Time 
as One Variable 


Circuit Applications of Field Ef- 
fect Transistors 


Combining Transistors with Tun- 
nel Diodes 


Simplified Curve Tracer for Tran- 
-sistors and Diodes 


Transistor Operation Beyond Cut- 
off Frequency 


Semiconductor Clamp Handles 


Millivolt Signal 


Transistors in Audio and Carrier 
Frequency Amplifiers 


Controlled Semiconductor Rectifier 


Statistical Analysis of Transistor- 
Resistor Logic Networks 


Application of Synthesis Tech- 
niques to Electronic Circuit Design 


Switching and Memory Criterion 
in Transistor Flip-Flops 


A Transistorized Receiver for 150 
MC Mobile Service 


Br JL Appd Phys 
Aug 1960 “4 


Control Engg 
Aug 1960 


Elecl Mfg 
Aug 1960 


Elecl Mfg 
Aug 1960 


Elecl Mfg 
Aug 1960 


Elecne Design 
Aug 3, 1960 


Elecne Design 
Aug 3, 1960 


Elecne Design 
Aug 17, 1960 


Eleene Design 
Aug 31, 1960 


Elecl Des News 
Aug 1960 


Elecne Equip Engg 
Aug 1960 


Elecnc Equip Engg 
Aug 1960 


Eleenc Industries 
Aug 1960 


Elecne Industries 
Aug 1960 


Electronics 
Aug 5 1960 


Electronics 
Aug 5 1960 


Electronics 
Aug 5 1960 


Electronics 
Aug 8 1960 


Electronics 
Aug 8 1960 


Electronics 
Aug 19 1960 


Electronics 
Aug 19 1960 


Electronics 
Aug 26 1960 


Electronics 
Aug 26 1960 


Eleene Tech 
Aug 1960 


Elec Tech USSR 
July 1960 


IRE Tr Cire Theory 
Spec Supplement 
Aug 1960 


IRE Tr Cire Theory 
Spec Fon dees 
Aug 196! 


IRE Tr Cire Theory 
Spec Suvplement 
Aug 1960 


IRE Tr Vehic Comm 
Aug 1960 


Recently published experimental finding on the electrifica- 
tion of rutile powder by sliding down a metal chute can be 
explained by an extension of the present author’s theory 
of the separation electrification of metals. 


Equations account for the dissipations during three differ- 
ent types of rise and fall curves encountered in commonly 
used transistor circuit. 


Theory and backgrounds of Hall Effect principles as ap- 
plied to rotary instruments and devices. 


Modern synthesis techniques for realizing prescribed fre- 
quency characteristics by dissipative networks and by am- 
plifier networks containing tunnel diodes. 


Principles, circuit design, and switching times of tran- 
sistor-resistor logic are discussed. 


The design steps together with a special Equation Deriva- 
tion section are presented as an aid in such applications. 


A brief description of noise sources and their origin, con- 
siderations in circuit design and a typical design example 
invoiving a low noise application is presented. 


Design details for a 150 mc video amplifier strip having an 
overall gain of 50.5 db. 


Application of flow graphs enables the designer to easily 
keep track of resistive paraineters, hybrid parameters, 
voltages and currents. 


Brief notes on design techniques are given. 


Basic memory unit with capacity of 114,688 bits is expand- 
able to over 1.8 million bits 


Output frequency of the frequency changer is independent 
of the supply frequency because communication is ob- 
ae primarily from capacitors instead of the power line 
voltage. 


Description and application of a new semiconductor device 
—the binistor developed for switching and storage circuits. 


Maximum power will be dissipated at the collector when 
the load voltage (in a CE circuit) equals the collector to 
emitter voltage. This permits determining the minimum 
load resistance for a given power supply voltage. 


Triggering and turn-off circuits for controlling rectifiers 
are described with particular emphasis on inverter ap- 
plications. 


Diode holder uses germanium blocks for low inductance 
resistors; allows a curve tracer that will show the char- 
acteristic curves of most tunnel diodes. 


Calculations are simplified if radiation cooling alone is 
considered, the problem is then solved by using a flat 
plate as the heat sink for all transistors. 


Electronic multiplication can be implemented simply and 
accurately if one or more of the variables inherently 
appear as a time variable. 


Characteristics of cadmium-sulfide transistor are compared 
with those of junction transistor, vacuum triode and vac- 
uum pentode. 


elements and circuits with n-type char- 


Bistable memor 
e obtained with transistor, tunnel diode 


acteristics can 
combinations. 


Staircase waveform generator supplies test transistor with 
six values of base current during each cycle to develop 
family of curves. 


Special converter circuits allows useful amplification con- 
siderably beyond the normal frequency. 


Usual potential difficulties associated with semiconductor 
components are overcome by a bridge configuration. 


This paper discusses the characteristics of common emitter 
transistor amplifiers in relation to the specific require- 
ments of communication systems. 


Discussion of possibility of making a controlled semicon- 
ductor rectifier whose controlling element is a semicon- 
ductor triode. 


A general approach to statistical investigation of proper- 
ties of complex transistor switching networks. 


Four very useful RC-active network synthesis techniques 
developed during the past decade are reviewed and com- 
pared from the points of view of generality and sensi- 
tivity. 

A simple criterion is proposed to determine which storage 
elements can provide memory. 


Block diagram and circuit diagram analysis. Receiver op- 
erates on 40 ma or less from a 13.8 volt battery. 
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CONDENSED SUMMARY 


Description of calibrator which has relatively flat output 
in me A band. Operates at 100 ke or 1000 ke and their 


harmonics. 


Makes use of the internal phase-shift of a transistor and 
employs a single C-R section of the external phase-shift- 
ing network. 


With solid solutions of (Zn, Hg)S and suitable additions 
of Cu and a coactivator, photoluminescence is obtained. 


The relation between yield and accelerating field _charac- 
teristics of the photoelectric emission from semiconduc- 
tors is discussed. 


The diffusion coefficient of oxygen was ealculated from 
experimental data on internal friction. 


The diffusion of zine into gallium arsenide from the va- 
por phase has been investigated for a range of diffusion 
temperatures and zinc pressures. 


A simple model is used to illustrate that the diffusion 
coefficient of an impurity depends on the state of ioniza- 
tion of the impurity. This is then applied to the diffusion 
of ionized impurities in semiconductors. 


Theory of the magneto-plasma resonance in semiconduc- 
tors is developed for the general case where several kinds 
of free carriers are moving under a static magnetic field. 


The open circuit voltage and photo-current produced in 
a silicon solar cell by X- and gamma rays were measured 
as a function of exposure dose rate, cell temperature, 
angle of incidence of radiation, and photon energy. 


The production of islands of less than 0.002 in. in diam- 
eter is described; also tools and equipment used. 


The principle of the moving coil ratiometer is described 
together with the circuit used with it for phase angle 
measurement. 


A double-wound coil together with a transistor and rec- 
tifier are used in a blocking oscillator circuit for this 
purpose. 


Special features arise from the change in nature of the 
power and from energy transport by quantum radiation. 


Definitions, linear representation of switching functions, 
representation of B®" with the aid of logical sums, binary 
quantities applied to the description of the behavior of 
magnetic cores, application of the theory, etc. 


The photo-electromagnetic effect has been studied in ger- 
manium as a function of the wavelength of incident ra- 
diation in the region from 0.5 to 2.0 microns. 


Experimental results concerning electron ejection from 
annealed, atomically clean surfaces of germanium and 
silicon by the singly charged ions of the noble gases are 
reported. 


The method of ion drift in an electric field of an n-p 
junction has been used to measure the diffusion constant 
of Li in Si between 25°C and 125°C. 


The drift mobilities of electrons and holes in anthracene 
crystals have been measured using pulsed photoconduc- 
tivity technique. 


The Hall coefficient and resistivity of germanium single 
crystals bombarded with slow neutrons were measured 
between 1.2 and 300° K. 


Description of a new system of phase-comparison relay- 
ing for the protection of transmission lines. 


Discussion of field testing and application practices of a 
new system of phase-comparison relaying for the pro- 
tection of transmission lines. 


A review of the activities of various governmental, indus- 
trial, and academic institutions is made in f 
panel display devices. pegs 


ane ehauos and properties of Ga as tunnel diodes are 


The contributions of Johnson noise and shot noise to the 


noise in a tunnel diode are i i 
aie nee see analyzed according to a simple 


A parametric device has been proposed which i Ae 
lent to a passive nonreciprocal: phase : ee is equiva 


The time constant of the exponential a 
Stable states is shown to be a fair ae pak the 
flipping time of the bridge magnetoresistance. 


Calculations have been made for the correction factors in 


€ case of a square : 
a square wate are probe array placed symmetrically on 


An electronic circuit capable of ting i 
in time sequential order is pars: eS 
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CONDENSED SUMMARY 


Characteristics of available thermistors are discussed to- 
gether with methods for determination of characteristics 
and a description of how they should be specified. 


An apparatus for the thermal decomposition of silicon 
tetraiodide by film boiling on a graphite surface to pro- 
duce semiconductor grade silicon at a rate of 120g per 
hour is described. 


The ge and operation of a transistorized equipment 
capable of measuring the frequency response of transis- 
tors 1s described. 


Investigation reveals a negative region of thermal-expan- 
oe coefficient of germanium at temperatures less than 


In the surface layer of an activated c 
librium carrier lifetime rises with a 
generation depth. 


stal the nonequi- 
ecrease in carrier 


The McWharter excess-noise model for germanium fails 
to explain empirical results based on a test thereof. 


A description and discussion of empirical current-voltage 
characteristics of cadmium telluride photocells. 


A theory of thermally stimulated conductivity is con- 
rcinenigg on the basis of a general model of a semicon- 
uctor. 


An experimental investigation of the property changes re- 
sulting from transition of the system from the vitreous 
to the crystalline state. 


A study of the formation of solid solutions in the system 
mCdSnAsz — n(2InSb). 


A study is made of the change in the photoelectric prop- 
erties of the ZnSe-CdSe system during a transition from 
a ZnSe to a CdSe structure. 


Investigation of amorphous and crystalline germanium in 
the region of strong absorbtion, and the study of close 
range and distant range order on the properties of semi- 
conductors. 


Tests of the properties of recombination centers produced 
by heat treatment of p-type silicon at temperature above 
1200°C produce results that agree with a simple Shockley- 
Read model with one recombination center. 


The voltage-current characteristics, spectral sesorner Aber. 
and solar energy conversion efficiency of the photoce 
are discussed. 


Experimental results support the ibility of obtaining 
materials with intermediate forbidden-zone width values 
between the A E values of the starting binary components 
of the systems investigated. 


The dispersion of light in germanium is described usd a 
formula containing only a single term with complete 
determination of the energy transition. 


A study of the dependence of photocurrent on illumina- 
tion at comparatively high temperatures in amorphous 
photoconductors. 


Relatively lengthy atmospheric exposure or high temper- 


ature heating initiate irreversible property changes at the 
surface of CdTe crystals. 


In a discussion of Hall probe sensitivity it is pointed out 
that the sensitivity of an InSb probe at low temperatures 
(120°K) is 400 times greater than its sensitivity at room 
temperature. 


Electrokinetic effects in a liquid semiconductor are caused 
by the layer formed by the space charge at the surface. 


A method of determining impurity concentration by con- 
sidering the effect of the carrier scattering by impurities 
on the electrical resistivity at a given temperature. 


The rate of inelastically reflected electrons in secondary 
electron emission from a thin metal film is checked using 
activated metal film supports. 


A theoretical discussion of the causes of the even photo- 
magnetic effect. 


rature-wavelength de- 


A simple expression for the tem 
y cient is developed for 


pendence of the absorption co 
temperatures above 200°K. 


Measurements indicate that reliable hermetic enclosures 
have resulted. 


A theory for the maximum achievable voltage gain-frac- 
tional bandwidth product of one-port and two-port dif- 
ference frequency reactance amplifiers has been worked 
out. 


Preliminary experimental results are presented on the 
operation of a microwave third-harmonic generator. 
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CONDENSED SUMMARY 


The development of design, fabrication, and characteri- 
zation techniques, is presented for very-high frequency 
silicon transistors. 


Minority carrier change variables are used in describing 
a transistor model. 


Empirical results available. 
Equipment uses transistor circuitry. 


Introductory course lecture notes on transistors and appli- 
cation techniques. 


The operation of the three-junction diode is analyzed in 
terms of two contiguous transistors. 


A commutator arrangement using transistors as the switch- 
ing elements and in the control circuitry. 


The design and analysis of a CC-CE pair in connection 
with low pass broad band amplifiers. 


A presentation of the design features and discussion of 
the electrical characteristics of a direct-coupled transistor 
diode logic circuit. 


The analysis of a silicon diffuse junction diode in a 
microwave circuit is considered as a possible element in 
a high duty cycle duplexer. 


Voltage-sensitive variable-capacitance semiconductor di- 
odes were investigated for use in tuning systems. 


Transistor reliability, test methods, and new transmission 
type transistors. 


A limiter which allows adjustment of the maximum per- 
missible galvanometer current but which has little effect 
upon the instrumentation system in which it is used. 


An investigation of forced convection, and direct and in- 
direct liquid cooling techniques were investigated. 


Transistorized amplifiers were irradiated in a fast neutron 
flux, and were found to fail at an integrated flux density 
of 103 n/cm2. 


A presentation of apparatus and measuring techniques for 
infrared photo conducting devices and, a summary of the 
electrical and optical properties of PbTe films. 


A discussion of techniques of preparation of GaAs mate- 
rial and devices. 


Studies of the frequency and power handling capabilities 
of ce n-p-n transistors operating as negative resistance 
oscillators. 


In micromodule component productos: an “‘in-plastic”’ 
sealing technique is used to fabricate transistor units. 


Ion pairing Li+ diffusion rate, and the relation between 
them in silicon are measured and discussed. 


A study of Hall effect for electrons released by light in 
high purity crystals in the temperature range 4°K to 120°K. 
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Sales 

vi EIA has estimated that plant sales of semiconducotrs for 1960 
ill surpass the half billion dollar level as compared with the 
377 million in 1959. The expected increase will be 43% in tran- 
‘sistors and 35% in diodes and rectifiers. Figures on factory sales 
are: 


Millions of Dollars 
First9 mos. First9 mos. 1959 1960 
1959 1960 (estimated) 
ES EAYS so aie cass sive $154.3 $222.2 $222.0 $317.0 
iodes & Rectifiers* 96.7 131.9 155.0 210.0 
oA SaT RS ey ee $251.0 $354.1 $377.0 $527.0 
Millions of Units 
SEEMRISIStOLS .7. ss. ae 57.9 90.3 82.3 129.9 


Diodes & Rectifiers* ... —_ = — = 


Excludes Zener Diodes which accounted for $11 million in 1959 
and will probably surpass $20 million in Factory Sales during 
1960. 


According to statistics released by the Marketing Data Depart- 
ent of the Electronic Industries Association, factory sales of 
transistors during October declined under the year’s high total 
‘set in September, but remained above the 12-million mark for the 
second month in a row. The latest compilation follows: 


Factory Sales (Units) Factory Sales (Dollars) 


tober 12,168,632 $25,945,195 
September 12,973,792 28,442,229 
ugust 9,732,993 22,739,969 
uly 7,070,884 18,083,802 
June 10,392,412 27,341,733 
May 9,046,237 24,146,373 
April 9,891,236 23,198,576 
March 12,021,506 28,700,129 
February 9,527,662 24,831,570 
January 9,606,630 24,714,580 
Jan.-Oct. 60 Totals 102,431,984 248,144,156 
Jan.-Oct. 59 Totals 74,467,926 199,189,791 


_ The Commerce Department’s Electronics division has reported 
that exports of crystal diodes and transistors for the first nine 
months of 1960 were $11,729,000 as compared with $6,461,000 in the 
‘Same period in 1959. 


: Texas Instruments Incorporated has established a new sales en- 
gineering apparatus office in Wellesley, Mass., their third such 
office in the east. 


Avnet Electronics Corp. has opened a new sales engineering 
office and service center facility in Seattle, Wash., and in Salt 
Lake City, Utah. The company has other such offices in Westbury, 
N.Y.; Burlington, Mass.; Dayton, O.; Chicago, Los Angeles and 
Sunnyvale, Cal. 


General Electric Company announces the creation of a South- 
eastern Sales Region by its Semiconductor Products Department 
in Washington, D.C., to serve 10 states and the District of 
Columbia. 


Prices 

Hughes Aircraft Co.’s Semiconductor division has established 
a new price schedule for its silicon transistors calling for reduc- 
tions from $9 to $19 per unit in 1-99 quantities. These reductions 
apply to their high speed mesa units, silicon alloy transistors and 
high frequency mil-spec mesa transistors. Prices have also been 
established on their new alloy-junction medium-speed transistors. 
They are each priced as follows: 2N327A at $5.20; 2N328A at 
$7.80, and 2N329A at $15.60, all in quantities up to 99 units. 


R.C.A., Somerville, N.J. is producing a family of seven diffused- 
junction mesa gallium arsenide varactor diodes. Designated as 
XVD100 through XVD106 they are priced from $200 to $700 each. 


y Market News... 


Phileo Corp.’s Lansdale Division, Semiconductor Operations, 
has developed a new silicon precision alloy transistor (SPAT) 
of the p-n-p type. Eight different types designated T-2050 to 
T-2071 will be available at prices ranging from $5.70 to $9.90 in 
quantities of 1000 or more. 


Alloys Unlimited Chemicals, Inc., a division of Alloys Unlimited 
Inc., N.Y. is producing single and polycrystal gallium arsenide. 
This material is available in highly doped forms using zinc, 
cadmium and manganese as doping agents for p-type material 
and tellurium for n-type material. Prices of single crystal GaAs 
is $20 per gram in quantities of 20-99 grams; $14 in quantities for 
100-999 grams, and $8.75 for 1000 grams. Polycrystalline prices are 
$6.75; $6.50, and $6.00 a gram for the same quantity scale. 


Suppliers. 


The Chemicals and Metals division of the Eagle Picher Co. has 
expanded its line of electronic metals and compounds with the 
addition of 16 new materials. These include inter-metallics special 
electronic compounds, ultra high purity cadmium and germanium 
compounds, gallium arsenide and other high purity elements. 

Alpha Metals, Inc., Jersey City, N.J., has made available 99.999% 
pure indium. Their semiconductor grade indium contains less 
than 1 part in each million of either silver or copper. Tin and 
lead content is less than 3 parts per million each. Other elements 
are not detected by spectrographic analysis. It is available in bars 
or special shapes. 


Distributors 


Standard Rectifier Corp. has named the following four addi- 
tional distributors: Lafayette Radio Corp., Boston; Almo Radio 
Co., Philadelphia; Hollywood Radio & Electronics, Hollywood; and 
Terminal-Hudson Radio Co., New York. 

General Instrument Corp., has established a new distributor or- 
ganization for setting up a network of industrial distributors to 
handle their full line of transistors, diodes and rectifiers. The 
firm now has about 70 distributors. 


Financial 


Cetron Electronic Corporation of Geneva, IIll., and Pasadena, 
Calif., told its shareholders at the company’s first annual meeting 
recently in Geneva that sales are expected to triple, with an 
accompanying favorable trend in earnings, during the fiscal year 
ending next November 30. Now doing business at the annual rate 
of just under $1 million, one of the reasons that the company will 
not show earnings for the fiscal year ended November 30, 1960, 
is because of a substantial investment in the new scientific optical 
division. 


Expansions 


General Electric Co. has established a signal diode project 
within its Semiconductor Products department in anticipation of 
increased tunnel diode sales estimated at 100 million by 1965. 

General Instrument Corp., has opened a $3 million 50,000 square 
foot plant on a nine acre site in Hicksville, L.I., N.Y., for the 
development and production of semiconductors. This plant will be 
producing ultra-high speed switching transistors, tunnel diodes, 
germanium MADT transistors, silicon mesa transistors, solar cells 
and microcircuits. 

Accurate Specialties Co., Inc. has opened a modern 15,000 square 
foot plant in Hackensack, N.J. This new facility will permit a 
30% increase in their production lines for the manufacture of 
semiconductor preform discs and washers, clad metal base tab 
stainpings, and spheres. In this same facility, they are setup to 
produce the raw materials, including their rolling mills for 
manufacture of precision strip and clad metals. 

Tang Industries, Inc., Waltham, Mass., has been reorganized 
because of recent developments in materials processing. Besides 
work on transistors, diodes and rectifiers, Tang, with its sub- 
sidiaries, will explore micro-electronics applications, energy con- 
version devices, transducers, and thermaelectric devices. 

General Electric Co., is considering expansion of its transistor 
plant in Buffalo, N.Y. 

Rheem Manufacturing Company has taken a 20-year lease on a 
new 100,000-square-foot building at Mountain View, Calif. for its 
subsidiary, Rheem Semiconductor Corporation, in a sale and 
leaseback arrangement with the New England Mutual Life Insur- 
ance Company for a consideration of $2 million. 
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eat Radiator 


[ te 


‘New Birtcher 4AL series heat radiators 
@-e specially designed for high-powered 
@ansistors and diodes where 50, 100, 200 
Jad higher wattage dissipation is re- 
Suired. Radiators also function as a 
@aassis in which transistors or diodes 
jan be mounted on one side and com- 
Sonents on the other. Width is 4%-in., 
mgths available in %-in. increments to 
2-ft. The mounting area on both sides 
1.44-in. x 0.156-in. thick; height is 
7 03-in. 

Circle 100 on Reader Service Card 


* 


: 
Vitra High Purity Indium 


¥ Indium 99.999+-% pure to meet the criti- 
jal requirements of semiconductor device 
fqanufacturers is now available from 
Alpha Metals, Inc. This semiconductor 
trade indium contains less than 1 part in 
tach million of either silver or copper. 
in and lead content is less than 3 parts 
yer million each. Other elements are not 
fletected by spectrographic analysis. The 
dium is available in bars or special 
yhapes. 
Circle 105 on Reader Service Card 


Plastic, Ceramic Diodes 


Two new miniature silicon rectifiers 
designed for critical applications in the 


entertainment and general industrial 
fields, have been introduced by Standard 
Rectifier Corporation. Available in plastic 
(TMP) and ceramic (7MH) packages, the 
units weigh less than 0.75 grams and 
measure % by .200 inches in diameter. 
The diodes are conservatively rated at 
750 ma average rectifier current and 
90-600 PIV. Operating ambient tempera- 
ture is from —65° to +100° for the plastic 
unit and —65° to +150° for the ceramic 
units. 
Circle 101 on Reader Service Card 


New Products 


Silicon Controlled Rectifiers 


General Electric Company has intro- 
duced a complete new line of high cur- 
rent silicon controlled rectifiers. The 
three junction semiconductor devices are 
available in eight models which differ by 
repetitive peak reverse voltage ratings 
ranging from 25 to 400 volts. Average 
forward current rating of the C50’s is up 
to 70 amperes maximum a-c rating and 
110 amperes maximum d-c rating. The 
typical gate current required to fire these 
units is 15 milliamperes at 1.5 volts, while 
the maximum gate voltage to fire is 3.0 
volts. 

Circle 112 on Reader Service Card 


New Furnace 


An electric combustion tube furnace 
incorporating a new type of power con- 
trol was announced recently by Despatch 
Oven Company. Model SC-32 produces 
2600°F. max., provides a twelve-inch uni- 
form heat zone in a 24-inch o.d. ceramic 
tube, and is rated at 7 kw on 220/1/60 
vac. The new power control, called 
Thermionik Power System, is usable with 
any d-c producing or proportioning slide 
wire control system, or may be operated 
manually. 

Cirele 103 on Reader Service Card 


Scope Camera 


Pe. 


The new Tektronix C-12 Oscilloscope 
Camera accepts Polaroid or any conven- 
tional film. It utilizes a sliding back 
(adjustable to horizontal or vertical) on 
which you can interchange the par-focal, 
film-holding backs, lock them securely 
in 5 detent positions, also rotate them 
thru 90° increments (with the long axis 
of the film horizontal or vertical). Highly 
adaptable, the Camera accepts a wide 
range of available accessories, enabling 
it to photograph almost any type of 


trace-recording application. © 
Circle 127 on Reader Service Card 
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Semiconductor Slicing Machine 


Reid Brothers, Inc., has developed a 
new automatic machine for slicing silicon 
or germanium wafers. Model 612 was 
designed and built to answer the needs 
of the semiconductor industry. The ap- 
plication of the Post PW-4 Decitron 
Counter controls the repeatability accu- 
racy of the cross feed index to within 
+.0001”. The table, driven by a 2 speed 
d-c Motor, is controlled by full wave 
rectified a-c with d-c ripples filtered 
through an I-c circuit. A-C Power is 
regulated with the Voltage Regulator 
Transformer assuring uniform motion of 
the table. 

Circle 104 on Reader Service Card 


Silicone Varnish 


A new Class H varnish, 981, that cures 
at 150°C in just six hours has been an- 
nounced by Dow Corning Corporation. 
The new material is as easy to process 
as most Class A and Class B varnishes, 
thus eliminating the need for high-tem- 
perature curing ovens in producing Class 
H electrical equipment. This new dipping 
and impregnating varnish meets AIEE 
requirements for both 180°C and 220°C 
systems. 

Circle 111 on Reader Service Card 


Temperature and Humidity Cabinets 


Blue M Electric all stainless steel cab- 
inets will operate to maintain between 
90-99% relative humidity from room 
temperature to 85°C. Moreover, certain 
tests requiring temperatures below nor- 
mal ambient, or at least below season- 
ably high ambient, can easily be con- 
ducted by circulation of suitable tap 
water through baffle cooling coil. Mini- 
mum possible temperatures are in rela- 
tion to temperature of available tap 
water. 

Circle 121 on Reader Service Card 


09 


Switching Module 


A new self-contained switching module 
that greatly reduces the cost of life test- 
ing semiconducter diodes and rectifiers 
was announced by Wallson Associates, 
Inc. Designated Model 180, these modular 
life test power supplies incorporate the 
principles of simulator testing as opposed 
to brute force testing. Each is capable of 
switching 20 amperes average d-c at up 
to 1500 PIV. Modules may be combined 
to provide life test facility for many 
rectifiers. 

Circle 113 on Reader Service Card 


Portable Control Center 


Wheelco Div. of Barber-Colman Com- 
pany has developed a Control Center for 
use in semiconductor work which is 
made up of laboratory and production 
procedures. Designed for a company re- 
quiring control equipment for use with 
the various single and two zone tubular 
type electrical furnace involved in a 
semiconductor program, this Control 
Center incorporates an 8000 Series Multi- 
point Recorder, a Model 407 Capacitrol 
and a Model 72000-S279 Chronotrol along 
with the necessary Magnetic Amplifiers 
and Saturable Reactors. 

Circle 128 on Reader Service Card 


Transistor Life Test System 


Tenco Electronics’ new transistor life 
test system features individual collector 
current controls for up to 220 transistors 


undergoing oven life testing. Other 
functions include monitoring and control 
of collector voltage and monitoring of 
elapsed time and oven temperature. The 
test system is basically a versatile tran- 
sistor production line control console that 
is directly compatible with any desired 
testing oven over a wide temperature 
range of 25 to 150°C +1°C, 
Circle 115 on Reader Service Card 


Vacuum Oven 


An improved vacuum oven with foot 
operated, electric three-way valve simpli- 
fies vacuum and gas flush operation. 
Double doors permit pass through of 
workload for dry box applications. Model 
733-M is one of a new series of vacuum 
ovens by Electric Hotpack. Chamber is 
capable of evacuating down to 1 micron. 
Controls include an accurate controlling 
thermostat, with pilot light, wattage selec- 
tor switch, mercury thermometer and 
vacuum gauge calibrated from 0 to 30”. 
All chamber walls are insulated with a 
three-inch blanket of precompressed 
glass wool. Modifications can be made 
for specific requirements. 

Circle 125 on Reader Service Card 
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Cadmium Sulfide Photocell 


A new cadmium sulfide photocell with 
high sensitivity and high dark resistance 
has been developed by the JEM Elec- 
tronics Division of The Pioneer Electric 
& Research Corporation. Said to be 
ideally. suited for applications where 
either a gas phototube or a photo-multi- 
plier tube has been used, the new photo- 
cell, CDS-9, has a resistance of over 1 
megohm in darkness and has a broad 
response to visible light. It is non-polar 
and may be used on a-c or d-c. Power 
dissipation rating is 4% watt continuous, 


2 watts for 1 minute. 
Circle 117 on Reader Service Card 


Mil-Qualified Transistors 


USN 2N497, USN 2N498, USN 2N656 and 
USN 2N657, all per MIL-T-19500/74, have 
been added to the Rheem line of mil- 
qualified silicon mesa transistors. These 
are for general purpose, medium power, 
fast-switching applications and feature 
mesa reliability. They provide: low input 
impedance, low collector capacitance— 
typically 14 uuf, wide operating range— 
from 104A to 500 mA, and 4 watt power 
dissipation. All units are stabilized before 
testing by 300°C storage for 72 hours and 
by three temperature cycles from —65°C 
to +200°C. 

Circle 102 on Reader Service Card 


Micro-Diode 


A microminiaturized silicon diode de- 
signed specifically as a computer core 
driver was announced by Pacific Semi- 
conductors, Inc. The new PSI type 
PD400 core driver Micro-Diode at 25°C 
is characterized by a stored charge of 
254uC/mA; forward voltage drop of 1.5 
volts at one half ampere, and 6usec re- 
covery time. These _ characteristics, 
coupled with the micro configuration of 
the device permit the design of optimized 
computer memory circuitry. 

Circle 110 on Reader Service Card 


Sonic Energy Cleaners 


Lawrence Manufacturing Corporation 
Ultracleaner line-of sonic energy clean- 
ers has been broadened to include five 
new sizes with tank capacities up to 10 
gailons for complete industrial cleaning 
needs. The rugged construction of this 
new equipment allows for continuous use 
in mass production cleaning as well as 
single operation soil-removal from elec- 
tronic, mechanical, optical and horologi- 
cal parts and assemblies. A wide variety 
of cleaning agents is available, as well as 
immersion heaters for increased effi- 
ciency. 

Circle 107 on Reader Service Card 


Tunnel-Diode Oscillators 


Two new, stable microwave oscillatom 
utilizing tunnel diodes in specially dej 
signed circuits are now available from 
RCA. Compact and lightweight, these ar 
complete packages ready to use as signa 
sources, local oscillators, etc., in applica: 
tions where small size and long life ar 
required. The SS-100 is mechanicaliz 
tuned over its 1050-1400 Mc range. Th 
center frequency of the SS-104 is speec 
ified by the user in the range 800-1400 Me 
It can be electronically tuned over a totaz 
range of 5% of its center frequency by 
varying the d-c input voltage. Both oscil-] 
lators require only 0.2 volt d-c to produce 
several tenths of a milliwatt power out-t 
put over their tuning ranges. 

Circle 124 on Reader Service Card 


Silicon Cartridge Rectifiers 


Two new series High Voltage Silicom 
Cartridge Rectifiers, have been an- 
nounced by Sarkes Tarzian, Inc. Operat- 
ing temperatures range from —55°C to 
150°C ambient. The units also feature low 
voltage drop and low reverse current. 
The Ferrule Mounted series (S-5490 thru 
S-5507) have maximum rectified d-c out- 
put currents varying from 45 to 100 milli- 
amperes, and peak inverse voltage rang- 
ing from 1500 to 16,000 volts. Axial Lead 
series (S-5518 thru S-5535) peak inverse 
voltage starts at 1000 volts up to 10,000 
volts, with maximum RMS input voltage 
ranging from 420 to 7,000 volts. Maximum 
average rectifying currents at 25°C vary 
from 75 to 250 MA, and at 100°C, from 
25 to 100 MA. 

Circle 122 on Reader Service Card 


Transistor Audio Transformers 


Nine new transistor audio transformers 
are now available from Chicago Standard 


Transformer Corporation. TA-53 is é 
miniature interstage transformer with 
a primary impedance of 5,000 ohms C1 
and a secondary impedance of 45,006 
ohms. TA-54 is also an interstage unit 
with a primary impedance of 20,000 ohms 
and a secondary impedance of 800 ohm: 
CT. Both units are rated at .15 watts 
TA-52, an interstage transformer witk 
both primary and secondary impedance 
of 500 ohms CT, and TA-55, an inpu 
transformer with a primary impedance 
of 500,000 ohms and a secondary im. 
pedance of 200 ohms CT, are miniature 
units rated at 3 watt. The other five 
units are designed for higher powe 
driver and output applications and range 
in rating from 5 to 10 watts. 
Circle 114 on Reader Service Card 
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FOR STAMPINGS 
CALL J&H 


Semi-conductor precision metal 
stampings and deep-drawn parts. Made to 
Close tolerance at low cost. Fast service. Write 
or phone fox prices and free copy of Bulletin 82. 


iAn affiliate of 

Huperior Tube Co. JOHN SON & HO FFMAN 

: MANU EA CG Tiw- RING CO RPO (ReAnwieoOsn 
31East 2nd Street + Mineola, New York « Pioneer 2-3333 
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CRO MANIPULATORS 


= 


Brinkmann features the most complete 
line of Micro Manipulators for scientific 
and industrial operations. Available with 
stereoscopic and compound microscopes 


at magnifications from 10 to 1000 x. Can 
be used singly or paired. Many accessory 
items such as automatic pipette pullers, 
micro injection devices, pipette holders 
and microvises are available. For com- 
plete details write Department M. 


INSTRUMENTS INC., 115 CUTTER MILL ROAD, GREAT NECK, NEW YORK 
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SEMICONDUCTOR EXECUTIVES 
$12,000 TO $25,000 


DEVICE DEVELOPMENT—to $18,000 


Need man with 2 or more years ex- 
perience in Device Development on 
silicon transistors or diodes for major 
semiconductor manufacturer. 


DIFFUSION ENGINEER—to $16,000 


Major semiconductor manufacturer 
seeks man with 3 or more years ex- 
perience on diffusion techniques to 
step into project management position. 
Prefer pilot production experience and 
ability to work out all process prob- 
lems. An exceptional opportunity for 
rapid advancement. 


QUALITY CONTROL MANAGER — to 
$16,000 
Silicon device manufacturer needs 
man with strong background in qual- 
ity control in the semiconductor in- 
dustry to head up quality laboratory. 
Must know government specifications. 


PRODUCTION ENGINEERING MAN- 

AGER—to $20,000 
Medium sized manufacturer needs man 
with overall process and production 
knowledge to head up manufacturing 
for silicon transistors and _ diodes. 
Preferably man with advanced degree 
and 3 or more years experience. 


DIRECTOR OF RESEARCH—to $25,000 


Established manufacturer of semicon- 
ductors wants Ph.D. to head up R&D. 
Prefers man familiar with various ma- 
terials and thin film techniques. Will 
offer attractive option and other in- 
centives. 


SALES ENGINEER TRAINEES — to 
$10,000 


Opportunities in all areas of the 
country are opening every week for 
young engineers with some _cireuitry 
experience. Companies offer inside or 
field training, and advancement is 
extremely rapid. Men between ages 
23 to 35 with pleasant appearance 
and personality, sound technical back- 
ground and a desire to succeed. Pre- 
vious sales experience unnecessary. 


NATIONAL SALES MANAGER — to 

$20,000 
Medium sized manufacturer of a com- 
plete line of semiconductors needs 
man to head up field sales, Company 
presently has 3 regional managers and 
approximately 20 field sales engi- 
neers, Man must be acquainted with 
distributors as well as OEM accounts 
and able to train and direct sales 
force. 


SCORES MORE 


All expenses paid by employers. Com- 
pletely confidential—no referrals 
without your permission. 


If you are interested in knowing more 
about these and many other Semicon- 
ductor Executive positions available 
through our services, but don’t have 
a prepared resume, simply jot your 
home address and phone number on 
the back of your business card and 
mail it to: 


Glenn J. McKorkle 
SEMICONDUCTOR DIVISION 


DAVIES-SHEA, INC. 


ELECTRONICS PERSONNEL CONSULTANTS 
332 So. Michigan Ave., Chicago 4, Ill. WEbster 9-3833 


SERVING THE ELECTRONICS 


INDUSTRY EXCLUSIVELY— 


WITH INTEGRITY 
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NEW 
SERVICE 
NOW 
AVAILABLE 


SEMICONDUCTOR PRODUCTS is making a new source of 
information ayailable to all firms interested in being kept up 
to date on materials or equipment for producing semicon- 
ductor devices. If you wish to receive all new literature on 
silicon, germanium, chemicals, machinery, or other such ma- 
terials, circle #99 on the reader-service card. Your name will 
be placed on a special fist which will be forwarded to all 
such suppliers. As these suppliers have news available in their 
field, you'll be notified by them immediately. This service is 
restricted to firms manufacturing semiconductor devices or 
firms contemplating entering into production within 120 days. 


mee eee memes meee eee eee eee eee ee ee eee ee ee ee 


Industr 


CONFERENCE CALENDAR 
The Following March 1961 Meetings Are Scheduled 


March 2-4 Optical Society of America, Pick-Rooseve 
Hotel, Pittsburgh, Pa. Sponsored by Ameri- 
can Institute of Physics. 

March 15-17 Spring Conference EIA, Statler Hilton He- 

tel, Washington, D. C. | 


IRE International Convention, Coliseum §& 
Waldorf Astoria Hotel, NYC. Sponsored by 
all PG’s. For Information: Dr. G. K. Teali 
IRE, 1B: 79th:st, N.Y. 2 Nae 


March 20-23 


March 20-22 American Physical Society, Monterey, Calif: 


March 20-24 12th Western Metal Congress & Exposition, 
Pan-Pacific Auditorium & Ambassador Ho- 
tel, Los Angeles. Sponsored by American So- 
ciety for Metals. For Information: Allan R: 
Putnam, ASM, Metals Park (Novelty), 
Ohio. 

March 21-30 American Chemical Society 139th National 
Meeting, St. Louis, Mo. 


March 21-23 23rd Annual American Power Conference, 
Sherman Hotel, Chicago. Sponsored by 6 


professional societies. 


March 27-31 3rd Symposium on Temperature—Its Meas- 
urement and Control in Science and Indus- 
try. Veteran’s Memorial Hall & Deshler- 
Hilton Hotel, Columbus, Ohio. Sponsored by 
AIP, ISA and Nat'l Bureau of Standards. 
For Information: V. W. Sikora, Instrument 
Soc. of America, 313 Sixth Ave., Pittsburgh 
22, Pa: 


Charles F. Booher, vice president of The Birtcher Cor- 
poration /Industrial Division, has been granted patent No. 
2,958,515 for 17 claims on semiconductor heat radiators. 
The patent has been assigned to The Birtcher Corpora- 
tion, and covers some 80-odd fin-type radiators designed 
to increase transistor and diode efficiency and to prevent 
thermal breakdown (thermal runaway). 


The American Association for the Advancement of Sci- 
ence (AAAS) announced recently that it has presented 
its annual “Industrial Science Achievement Award” to 
Bell Telephone Laboratories, Incorporated. The citation 
was for achievements in the field of universal communi- 
cation during the year 1960. 


An Infrared Thermometry school for industrial instru- 
mentation personnel has been established by Radiation 
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ectronics Company, a division of Comptometer Corp. 
ie two-day course is conducted by Herbert L. Berman 
fid Dr. Arthur E. Goldberg of the company. Lectures 
ver: principles and applications of infrared sources, in- 
wared sensing devices, optical materials, radiation ther- 
meters, and remote temperature measurement and 
mtrol. Laboratory sessions are devoted to: emissivity, 
ass and flame temperatures, thermal scanning, and tem- 
srature control. Courses of the Infrared Thermometry 
chool are scheduled regularly at monthly intervals. In- 
uiries should be addressed to: R. Van Scoyoce, Radiation 
Mectronics Co., 5600 Jarvis Avenue, Chicago 48, Illinois. 


The Electrada Corporation recently announced plans 
%r a new “Photo-Optronic Laboratory,” which will be 
ne of the first commercial undertakings to study the 
ature of light in its application to electronics and chem- 
try. The new laboratory will be equipped to perform 
fery precise measurements of the physical and chemical 
ffects of light, such as the speed and resolution of film 
mulsions and other light-sensitive coatings, within the 
icrosecond-micron range. In addition; special devices 
ill be installed to study the effects of light on crystals 
nd photoconductors. The Laboratory’s services will be 
nade available to industry and the government on a con- 
ract basis. It will be located at 11244 Playa Street, Culver 
city, Calif. 


RESEARCH & 


Philco Corporation announced recently that a majer 
pgrading in the reliability of medium frequency silicon 
ransistors has been achieved with a new production 
rocess which has made possible the development of the 
ilicon Precision Alloy Transistor (SPAT). H. K. Ishler, 
director of semiconductor operations at the firm’s Lans- 
dale Division, explained that the new SPAT p-n-p silicon 
transistors are produced by a strip alloy technique which 
“permits an accurate measurement of the diode voltage 
and beta of every SPAT transistor during the manufac- 
turing process.” In the strip alloying process, each tran- 
sistor is indexed on a precision carrier which guides the 
device into a minified alloying furnace and positions it in 
perfect alignment with the heat source. In this manner 
every transistor is heat-treated identically. Fabrication of 
these transistors has not necessitated usage of any new or 
different materials, nor has there been any need for de- 
vice design changes which otherwise might have affected 
behavior of the units on extended life, according to the 
company. 
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DEVELOPMENT 


An omegatron mass spectrometer for use as a relatively 
inexpensive and automatic scanning analyzer has been 
developed by Raytheon to detect and measure impurities 
in high vacuum. An investigation of the interaction of 
oxygen with atomically clean germanium and silicon sur- 
faces (performed with a very sensitive quartz microbal- 
ance housed in an ultra-high vacuum system) led to 
development of the new “tool.” The studies referred to 
necessitated rigorous conditions of cleanliness and the 
omegatron spectrometer was developed to provide a con- 
tinuous analysis of the gaseous ambient. A complete in- 
vestigation of residual gases in electron tube and other 
high vacuum systems involves a knowledge of the origin 
of the contaminants; the partial pressure of each gas; the 
physical state of the species, i.e., atomic, molecular, ionic; 
and the nature of their interaction with system compo- 
nents and walls. In an electron tube where there are hot 
filaments, potentials of varying magnitudes, and a variety 
of glass and metal components—all these factors must be 
known in order to understand the effect of the residual 
gases upon tube parameters and life. The apparatus used 
consisted of a small volume radio-frequency mass spec- 
trometer operating on a cyclotron resonance principle— 
the omegatron; a very sensitive quartz microbalance with 
which weight changes of 10 minus 7 grams were detected; 
a system employing a modified Wagener technique to 
study getter activity; and finally, associated vacuum sys- 
tems using oil, mercury, ion or cryogenic pumping. Pres- 
sures of 10 minus 10 mm. were obtained. 
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acceptance won... 
growing preference... 


reasons why... 


Industry preference in 
glass-to-metal sealing 

is now growing for 
Karak W120 


jigs 
boats 
A inserts / 


because: 


w ash content 
7 trace of rare earths 
No trace of arsenics 
No trace of antimony 
Average pane . Me 
Sclerosco 
aati density of 1.68 
Exceptional life reported 
resistance 
Sawer shock 
Dimensional stability 
Cannot fuse to molten glass 
or metal 


FREE ON REQUEST: a certified copy 
of the report of an independent 
Spectrographic Laboratory, on 
their analysis of the ash content 
of Karak W120. 


CARBON COMPANY 


12508 Berea Road, 
Dept. 118, Cleveland 11, Ohio. 
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New Products 
(From page 60) 


Computer-Rectifier Diodes 


Te ae 
oy > em 


Delta Semiconductors announces a new 
series of all purpose glass silicon com- 
puter-rectifier diodes that combine 400 
ma forward conductance at 1V, 30 nano- 
second recovery measured on a sampling 
oscilloscope and .025 wa reverse leakage 
current. Designated the DW series, in- 
dividual numbers are available with peak 
inverse voltages from 40V to 275V. They 
feature a special alloy-diffused junction 
that combines low reverse leakage cur- 
rent with high forward conductance. 
Glass package has a 600 mw heat sink 
| for greatest heat dissipation. 

Circle 109 on Reader Service Card 
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Power Supplies 


The Electronic Measurements Company 
line of Regatran Semiconductor D-C 
Power Supplies now includes a new 
zero-to-50 volt, fully programmable 
series, entitled Series TP. These power 
supplies feature continuously variable 
current-limiting, line or load regulation 
| of 0.1% or 0.01 volt, and rms ripple of 
less than 1 millivolt. The series is offered 
in three models rated at 0.5, 1, and 3 
amperes respectively. Metering and ter- 
minal arrangements are optional. 

Circle 106 on Reader Service Card 


Temperature Indicating Label 


Pyrodyne, Inc. announces its new mini- 
ature temperature indicating label, Model 
200 Temp-Plate. Measuring only 4” 
square, overall size, it is useful for in- 
strumenting transistors and other minia- 
ture electronic components. The tiny 
plastic adhesive tab that sticks on almost 
any surface turns black when its temper- 
ature reaches any desired value between 
160° and 500°F. Its accuracy is +1%. 
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Silicon Rectifiers 


| Stud-mounted rectifiers capable of de- 

livering up to 20 amperes at 150°C in 

| half-wave circuits have been announced 
by Trans-Sil Corporation. The double- 
diffused silicon junction units, designed 
for power rectifier and Magamp applica- 
tions, are designed as Series MO. The 
peak inverse voltage capability of recti- 
fiers in this series is from 50 to 800 PIV. 
In full wave circuits, currents up to 60 
amperes can be obtained. 
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MEASURE 
TRANSISTOR 
PARAMETERS = 
DIRECTLY - 


— Without affecting circuit 

™ No correction factors needed 

— No amplification; permanently 
stable 

™ Heavy Current and Low Current | 
units measured by same meter 

™ Better than 1/,% accuracy 


WITH 


GREIBACH 


PRECISION METERS 


BENCH um 
PANEL 
PORTABLE | 
MODELS 


MICROAMPERES 


Model 706 
Lowest energy drain (to 4x10~ watts full 
scale) and negligible insertion loss mean fast, 
accurate, direct measurements. And_ only 
with Greibach Precision Meters . . . the only 
meters with patented, frictionless BIFILAR 
SUSPENSION and weightless LIGHT BEAM 
POINTER. Multiple ranges (to 23) let you 
handle virtually all measurements with one 
meter. 
OTHER EXCLUSIVE GREIBACH ADVANTACES 
= Withstands 100,000% overloads (to 
125,000,000% on some _ sensitive 
ranges) without mechanical impair- 
ment 
™ Sensitivity to 0.2 microamp full scale 
= Lowest millivolt drop (below 2 mv on 
some microammeters ) 
™ Rugged movement—to 500 G’s shock 
absorption 
=™ No parallax errors 
| Permanent calibration; stable zero 
GREIBACH Precision meters can take it! 
Subjected to a series of transistor punch-thru 
tests—without external protective circuits— 
meters were unaffected in any way. 


{  gRonacH ses For full details on Grei- 


=  ¢ : bach current, voltage, re- 


_ sistance and combination 


._ meters, write for your 
_copy of our 20-page 
= Catalog. 


GREIBACH INSTRUMENTS CORPORATION 


328 North Ave., New Rochelle, N.Y. 
NEw Rochelle 3-7900 
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airansistor Tester | 


FREE! ta Calg tht an woting 
ELECTRONICS 


INDUSTRY, DEFENSE, BROADCAST 


» Accurate testing of n-p-n and p-n-p 
“’cansistors is made rapid and simple by 
~ne Armour Stablvolt Transistor Tester 
sfodel T-340. Ideal for incoming inspec- 
»ion and production line testing, the new 
“instrument measures the four basic pa- 
Sameters necessary to check a transistor’s | 
serformance. Power requirements to the | 
Sntegral power supply are 115V, 60 cycles. 
Wo special connections or time con- 
Huming adjustments are required; tran- 
“istors are simply plugged into the unit 
ind each test made by positioning the | 
Sunction switch. Results are read directly | 
from a meter. Parallel test receptacles | 
Hermit testing of transistors in circuits | 
}r environmental chambers. 
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Newark stocks and distributes 
over 450 top lines covering 


Semi-Conductor Headquarters 
For Industry at 
Quantity Prices Competitive 
with Manufacturers 


every phase of electronics! 


Semi-Conductors e Connectors 

Relays e Switches @ Industrial 

Tubes eo Test Equipment 

Transformers e Controls 

Resistors e Meters e Capacitors 
e Pilot Light Assemblies 


Texas Instruments e Hughes 
Philco & General Electric 
General Transistor e Bendix 
e International Rectifier 
e Sylvania e Sarkes Tarzian 
e Hoffman e I.T.&.T. @ RCA 
Motorola e Raytheon e Ohmite 
CBS Electronics e Westinghouse 


* COMPETITIVE FACTORY PRICES * COMPLETE ON-HAND STOCK 
* IMMEDIATE DELIVERY 


/?F Diodes 


Your One-Point Source for All Your Electronic Needs 


. A series of six subminiature silicon | 
S0int-contact diodes with all-glass con- | 
istruction, and designed for convenient | 
‘ise in miniature RF circuitry is avail- | 
®@ble from Microwave Associates, Inc. | 
*All-glass construction in these diodes | 
*1N830 through 1N833 series) assures a | 
very reliable hermetic seal, enables direct 
[soldering to axial leads close to the 
diode shell, and also reduces shunt | 
fapacitance for improved RF bandwidth | 
t microwave frequencies. 
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ELECTRONICS CORPORATION 


223 W. Madison St., Chicago 6, Illinois 
4747 W. Century Blvd., Inglewood, California 


Circle No. 33 on Reader Service Card 


boratory Enclosure 


On 


@ Semiconductors 


@ Resistors 


_ Chemical and metallurgical research on | 


‘materials under high vacuum as well as Custom Melting, Camplete Redrawing, GPa inkeion: 
work with radioisotopes and poisonous Strand and Vacuum Annealing Cheviras 


substances in a controlled atmosphere are 
facilitated by a new type of laboratory 
enclosure announced by S. Blickman, Inc. 
They are available in standard units of 
3’ and 4’ modules and also in any size 
required. Vacuum dry: boxes have been | 


: eT 
for fine wire processing to customers hermocouples 


specifications. @ Electronic Tubes 


®@ Other Electronic 
__ et -Applications 


tested with a mechanical pump and have ; WRITE for valuable 


ae Pumped down to approximately 50 | Krochbre:. content in 
Circle 116 on Reader Service Card | K % ing fine wire com- 
eo” positions, perti- precious, base, exotic 
Component Clip AE tcons li nent properties 


: : and special metals 
A new “no-twist” clip has been added anid ap PNCAM Gi. é 


to the. Atlee Corporation’s product line. 
Designed specifically for use in cases 
where a single attachment point is re- 
quired, integral projections on the bot- 
tom of this clip eliminate twisting. The 
clip meets all the requirements of holding 


components against shock and vibration. CONSOLIDATED REACTIVE METALS, inc. 


Their holding power increases cot banitae 

j i i d the y 2 

Be ceoaived pci ae a oumoonent. 115 Hoyt Avenue — Mamaroneck, N.Y. — OWens 8-2300 
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— bare or 
insulated 
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* 
AVNET*70 State St.,Westbury, N.Y.- ED 3-5800 
AVNET*45 Winn St., Burlington, Mass. — BR 2-3060. 
AVNET*4180 Kettering Blvd., Dayton 39, Ohio- AX 8-1458 
AVNET*2728 N. Mannheim Rd., Melrose Park, Ill.- GL 5-8160 
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Wet Test Meter 


A new Wet Test Meter for the precise 
measurement of Gas Flow is announced 
by the Precision Scientific Company. 
Accurate to within +% of 1% of volume, 
these new meters feature a cast alumi- 
num housing with an epoxy-resin plated 
interior to withstand corrosive effects of 
acid-laden gases. Operable pressure 
range is from 0.018 PSI to 15 PSI. Avail- 
able in 20 cubic feet per hour and also 
680 liter per hour models. 

Circle 119 on Reader Service Card 


The Sprague Electric Company has be- 
gun production of small-signal silicon 
transistors to supplement the germanium 
transistors which they have been manu- 
facturing for highspeed switching applica- 
tions in digital computers and for use in 
high-frequency communication equip- 
ment. “The transistors are being made 
under license from the Philco Corp. and 
will be electrically and mechanically in- 
terchangeable with Philco types bearing 
the same part numbers giving the elec- 
tronics industry a second source for 
precision-etch surface-alloy silicon tran- 
sistors,’ the company stated. Initial tran- 
sistors to enter production include Types 
2N1118, 2N1118A, 2N1119, and 2N1429. These 
high-frequency devices feature typically 
high f,, low collector saturation voltage, 
and low saturation drop, allowing the de- 
sign of medium-speed switching circuits 
with excellent control of output levels 
over the temperature range of —65 C to 
+140 C. They are also well-suited for 
direct-coupled logic circuits in computers. 
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Tyco Semiconductor Corporation re- 
cently announced the availability of a 
new series of 6 gallium arsenide varactor 
diodes. The AP-1 series range in cut off 
frequencies from 60 to 150 KMC minimum 
at an operating bias of —2 volts measured 
at 10 KMC, and are packaged in a con- 
ventional double ended metal/ceramic 
microwave diode cartridge. The series has 
a (cw) power dissipation rating of 150 mw 
at 25°C measured at 10 KMC and a break- 
down voltage rating of 6 volts for a re- 
verse current of 10 ua at this temperature. 
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Semiconductor 
Technology 


Scully-Anthony Corp., makes available 
enclosures and help in sealing enclosures 
with their cool “KOLDWELD” process. 
Also provided is a process engineering 
service for pre-sealing preparation which 
will protect the vital elements of the de- 
vice, and licensing for all processing and 
tooling. Enclosures are made from the 
suitably malleable metals, copper or alu- 
minum, both highly desirable because of 
excellent heat conductivity. Copper sur- 
faces are pretreated to fit particularized 
processes. Direct-bond feed-throughs of 


glass can be furnished for either enclosure 
base metal. 
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Semiconductor 


Purity 

to as small a: 
0004- 
engineerec 
for therma 
compressior 


bondine 


@ Tin and Indium Coated Wire 

e@ Doped Gold Wire 

e Pure and Doped Aluminum Wire 
e Electro Plated Wire and Ribbon 


Write for data on your specific needs. 


See our booth No. 4052 
at the I.R.E. Show, 


SECON METALS CORP. econ 


7 Intervale St., White Plains, N.Y. 
WHite Plains 9-4757 
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Device 


Applications 


wo new transistor-regulated power 
plies for use in lightweight, minia- 
ized equipment have been developed 
the Hycon Mfg. Company of Pasa- 
a, California. Only silicon semicon- 
tors are used to offer better reliability 
higher ambient temperatures. 


obotomics, Inc., Phoenix, Ariz., an- 

ces an alpha-numeric display fea- 
ing a completely transistorized built-in 
mory. 


“zertsch Products, 3211 So. Cienega 
vd., Los Angeles, Calif., announces a 
‘e of small-size, fully transistorized, 
se-sensitive null indicators. 


?acific Telemetry Systems, Culver City, 
lif., announces the development of a 
w miniaturized carrier-amplifier system 
use with low level output transducers. 
is system features all solid-state modu- 
b: construction. 


Magnetic Research Corporation, Haw- 
orne, Calif., has announced a new solid 
te d-c to a-c inverter, first in a new 
ae of lightweight compact inverters for 
r and space vehicle applications. The 
}wer-conversion circuit uses power tran- 
wstors as_. electronically controlled 
britches. 


S Electronics Corp., Palo Alto, Calif., 
announced a miniaturized command 
ceiver for missile flight guidance and 
fety operations. The command function 
performed by a transistorized receiver 
id a complementary decoder unit, each 


23 in a cast aluminum case. 
a2’ 


A new, all-transistor stereo preampli- 
r-amplifier unit has been developed by 
olar Electronics, Ltd., 1514 Oak Street, 
outh Pasadena, California. Because of 
all-transistor construction, the unit has 
heat, hum or microphonic problem. 


Syracuse Electronics Corp., Syracuse, 
. Y., has developed a_transistorized 
mer as a direct replacement for all 
nermal delays. 


Fork Standards, Inc., 206 N. Wells St., 
vhicago, has announced a transistorized 
ining fork oscillator. The output signal 
mi the FSI oscillator can be greater than 

volts RMS, sine wave or square wave, 
cross a 10K load and can also include 

ansistorized frequency dividers. 


' BACK ISSUES 
AVAILABLE 


1.00 Each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 

1959—Sept, Nov, Dec. 

1960—March, May, June, July, 
Aug., Sept., Oct., Nov. 
Dec. 


SEMICONDUCTOR PRODUCTS 


Back Issue Dept. 
300 W. 43 St. New York, N. Y. 


For that 


NEW IDEA 


® 


visit the 


March 20-23, 1961 


IRE SHOW 


New York 


Coliseum and Waldorf-Astoria Hotel 


Members $1.00, Non-members $3.00 


Age limit—over 18 


Manufac 


Triple Tested * Performance Guaranteed ° Extra Quiet 


Welch DUO-SEAL VACUUM PUMPS 


Welch Pumps are best because: Every pump is 
triple tested. Specified performance guaranteed. 
Lowest cost per year of use. Highest vacuum 
of any mechanical pump. Quietest mechanical 
pump made. 


When you buy a Duo-Seal Pump, you are buy- 
ing a pump with a reputation. Over the years 
Duo-Seal pumps have built up this reputation 
for long-life dependability, quiet operation, 
long-term adherence to original specifications. 


Rigid design requirements make these pumps 
quiet operating, long wearing; meticulous fac- 
tory inspection methods make sure that every 
pump is perfect when it leaves the plant. 
Triple testing with McLeod gauges leaves no 
room for question on final performance, 


For complete specifications, 
request our catalog. 


DUO-SEAL PUMP OIL is a must 


THE WELCH SCIENTIFIC COMPANY to keep your Duo-Seal vacuum 


ESTABLISHED 1880 


pumps operating at highest vacuum 
and efficiency. A chemically-stable, 
low-vapor-pressure product, Duo- 


1515 Sedgewick St., Dept. SC, Chicago 10, Ill., U.S.A. Seal Oil is produced according to 


the most exacting specifications. 


turers of Scientific Instruments and Laboratory Apparatus ¢99 qt. $2.65 gal. 


SS sss... nel 
——— SS — 
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Let us 
show you 
how our 
precision 
wire forms 
CUT 
COSTS! 


.” TERMINAL 


LEADS FOR RESISTORS, DIODES, 
TRANSISTORS, CAPACITORS, ETC. 


FOR THE HERMETIC SEAL INDUSTRY 


Send a 
sample or blue print 
for estimates. 


When Art Wire tackles the job, big gains in 
precision and uniformity. are possible on 
small components. . . resulting in big sav- 
ings in time and production costs. In addi- 
tion, Art Wire's modern production methods 
produce a wide variety of components more 
economically. 

Art Wire specializes in wire forms designed 
for today’s automatic production lines . . . 
manufactured to assure the economy of an 
uninterrupted work flow. 


ART WIRE AND STAMPING CO. 


29 Boyden Place, Newark 2, N. J. 
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New 
Literature 


Pyrofuze Corp., an affiliate of Sigmund 
Cohn Corp., has issued a new brochure 
on Pyrofuze. This exothermic fuze ma- 
terial has been manufactured for the 
explosives and ignition fields and has 
already applied to a broad range of com- 
ponents. Generally employed in wire 
form, it is also available as ribbon, sheet 
and in pellet shapes. The wire itself is 
offered in the size range approximately 
040 inch diameter to sizes smaller than 
a human hair. 
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Written in catalog style, a new 16-page 
booklet gives a detailed presentation of 
the seven available Tektronix oscillo- 
scopes with 3-inch cathode-ray tubes, 
including the rack-mount models. The 
booklet contains complete specifications, 
performance characteristics, pertinent 
illustrations, for all seven instruments. 
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Air-Vac Engineering Company an- 
nounces the availability of their new 
Bulletin on their Bazooka Vacuum Probe 
and Transducer. Bulletin tells how pro- 
duction operators now can pick up and 
handle miniature parts of all shapes and 
materials rapidly with this Vacuum 
Probe, which has a finger-operated shut- 
off valve for releasing parts from Probe 
Tip. 

Circle 152 on Reader Service Card 


Nine automatic machines for high pro- 
duction product finishing are illustrated 
and described in a brochure made avail- 
able by Conforming Matrix Corporation. 
These machines permit production in- 
creases of hundreds to one over hand 
methods of decoration of products of all 
sizes and description. 
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A four-page brochure entitled, “Single 
Crystal Materials for Solid State Elec- 
tronics” is now available from Solid State 
Materials Corporation. This brochure 
shows many of the company’s Research, 
Development, and Production facilities. 
Among the crystals produced are: Inter- 
metallic Compounds, Silicon, Germanium, 
Paramagnetics, Ferromagnetics, and Fer- 
roelectrics. 
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Technical data bulletin Z-105, describ- 
ing Alloy D-800, a new high-strength 
low-temperature solder alloy, is now 
available from Accurate Specialties Cox 
Inc. The bulletin describes the alloy’s 
suitability for semiconductor processing 
as a lead base “N” type ohmic junction 
material, containing neither boron nor 
free iron. Lists data such as specific 
gravity, specific weight, compressive 
strength, fatigue strength, and_ tensile 
strengths and hardness at various tem- 
peratures. 
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A_new bulletin describing Acoustica’s 
40-KC line of ultrasonic cleaning sys- 
tems is available from the company’s 
Marketing Department. 

Circle 157 on Reader Service Card 
(Continued on next page) 


A complete line of standard “off 
the shelf” instruments... coverin 
a wide range and variety of semi- 
conductor device measurement: 


Custom designed and manufacture 
semiconductor instrumentatio 
for both manual and automatic 
operation... Dynatran’s wealth ¢ 
experience in this field can provide 
you with an economical desig 
and realistic delivery dates. 


Write for complete 
catalogue information. 


DYNATR 
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{1l-new bulletin made available by 
Hasolidated Reactive Metals, Inc., con- 
Sis data on fine wire for semiconduc- 


7 In addition to furnishing 
‘@hplete data on this firm’s many prod- 
Ss in the electronic field, the technical 
wletin contains a useful, authoritative 
§rt on “Fine Wire Applications, Com- 
itions and Pertinent Properties.” 
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Aulletin 121 describing the new HT-1 
jes of high heat and wear resistant 
Jamics is now available from Duramic 
Ibducts, Inc. Applications are listed as 
sll as complete data on the 3 basic 
Ses available. Includes information such 
¥specific gravity, softening temperature, 
rdness, thermal expansion coefficient, 
sile strength, compressive strength, 
lectric constant, power factor, and 
Srmal conductivity. 
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jovaporation Sources For Metals—Tech- 
"ral Bulletin Number 102 gives a com- 
‘te list of the more commonly used 
tals for the deposition of thin or thick 
n in Hi Vacuum. Includes the metal’s 
‘ting temperature (C°), recommended 
poration source and general configu- 
tion. This Technical Bulletin is a com- 
sndium of various technical publica- 
ns, and Allen-Jones, Inc. experience in 
I> Hi Vacuum field. 
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gineering data concerning basic test 
rameters for silicon or germanium 
ip-n and p-n-p transistors, and specifi- 
ions of their Model T-340 Transistor 
ster have just been published by the 
our Stablvolt division of Magnetic 
search Corporation. The new data 
eet contains complete details and speci- 
ations including applications, opera- 
m and design. 
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Ferrotran Electronics Co., Inc. has an- 
unced the publication of their 1961 cat- 
og which includes their complete line 
semiconductor, solid state power sup- 
ies, redesigned line of I-F and audio 
plifiers and the latest types of solid 
ate rectifier transformers. The catalog 
so includes descriptions of special de- 
‘ces such as a recorder amplifier, tele- 
tone amplifier repeater coils, and RF 
etectors and Tuners. 
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A new descriptive specification and 
ata sheet, published by the Wilson Rub- 
er Co., supplies vital information on the 
mmpany’s new Wil-Gard Interchangeable 
Berkeley Box” Sleeve and Glove com- 
ination. Versatility, economy, safety, and 
icreased performance range typify this 
ew glove-sleeve combination as one of 
1e most advanced innovations in dry 
ox applications. 
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Technical data and information on new 
Sildise” silicon diodes for printed circuit 
pplications is available from the Elec- 
on Division of Controls Company of 
merica. Separate literature is available 
n the company’s diffused Zener diodes, 
ouble anode (twin Zener) diodes, and 
eneral purpose diodes. The various con- 
gurations, illustrated in the literature, 
lake production assembly methods pos- 
ble in terminal strips, plug-in, and 
ip-in mounting arrangements. 
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For that : 


NEW 


IDEA 


visit the 


IRE SHOW 


March 20-23, 1961 


New York 


Coliseum and Waldorf-Astoria Hotel 


Members $1.00, Non-members $3.00 


Age jimit—over 18 


Super-Sub-Miniature 
ransformers 


For transistor circuitry 
in servo-mechanisms, hearing 
aids, radios, telephones 


wm High reliability guaranteed. 


p Large quantities used, with transistors, 
by leading manufacturers. 


p Some of the most Important prototypes 
in use today are: 


Type H W D 
M-200 .....+ 2074 ca0 e200 
F-22010) eno eo 263 =.410 ~—-.325 

AAT-408 ...-+- 307.376.3295 
SM-400 ....-- 400 =.563 «485 
NA-2350 ...00- ouN el .750 
GEN-2020 .....- We” 1%" 7%” 


pw Immediate delivery from inventory cov- 
ering wide range of impedance ratios 
in sub-miniature and super-sub-minia- 
ture sizes. 


Be Prototypes—Designed or wound and 
enclosed to specifications. . - - Deliv- 
ery within two weeks. 


For further information and catalog 
call or write today... 


essler Co., Inc., 41-45 47th St. 


Frank 
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LIC. 4, N.Y. © Tel: STillwell 4-0263 | 


CURRENT GOVERNOR 


Model CS-111 


tor Constant Current 


e Precision Current Source 

e Transistor and Diode Tester 

» High Accuracy 
> 


Excellent sie rogrammable 


For testing and measurement of 
transistors, diodes, ciutches, solenoids, 
meters, other current sensitive devices. 


e@ Current Range is 10ua to 500 ma 
with 5 decade selectors. 

e Regulation and stability 0.05% 

@ Accuracy 1% 


In use by leading companies for 
transistor avalanche test, diode 
PIV test, clutch testing, calibration. 


Literature describing this and other 
constant current sources from 0.1pa to 
30 amp. may be obtained from 


NORTH HILLS 


nd 
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Graphite Facts 


by George T. Sermon, President 
United Carbon Products Co. 


Pride, Production 
...and “Sourcery” 


No doubt your engineers take 
great pride in the semiconductor 
components they design to repre- 
sent your company in the world 
market. And your engineers 
know: (1) that you must be able 
to produce in volume to meet 
the challenge of competition; 
(2) that it takes many months 
of development work and sched- 
uling to get a semiconductor proc- 
essing program into high gear. 


Now a question. What happens 
if (in spite of this knowledge 
and the careful planning it in- 
spires) your company’s source for 
graphite parts suddenly vanishes 
from the scene, or for some not 
too mysterious reason simply can- 
not meet the accelerated volume 
requirements of a successful semi- 
conductor program? The answer. 
Your program is derailed for 
many months. Competitively, 
you’re in a very awkward position. 
And your engineers have nothing 
much to show for their efforts 
except some lingering pride in a 
design they know could have 
been a winner. 


Seary story? Yes. But it could 
happen to you. It has to others. 
It’s a very good reason why you 
(and your engineers) should 
insist on a competent, experi- 
enced, insured source for graphite 
parts. Here is that kind of source. 


UNITED 


bon products co. 


BOX 747 


BAY CITY, MICHIGAN 
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For reference purposes, the advertisers 
index includes all regular advertisers 
who have run within the current con- 
tract year. These advertisers who appear 
in this issue are indicated by the page 
number adjacent to their listing, and are 
shown in a bold-face type. 
Accurate Specialties Company, Inc. 
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Ajusto Equipment Company 
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CBS Electronics 
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Corporation 
Cetron Electronic Corporation 
Charleston Rubber Company 
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Columbus Electronics Corporation 
Composite Industrial Metals, Inc. 
Conforming Matrix Corporation 
Consolidated Mining & Smelting 
Company of Canada 
Consolidated Reactive Metals, Inc. 65 
Consultants Bureau Enterprises 
Custom Scientific Instruments, 
Incorporated 
Davies-Shea, Inc. 
Davison Chemical Company 
Division of WR Grace 
Design Tool Co. 
Despatch Ovens Co. 
DI-Tran Corporation 
Dixon, Wm. Inc. 
DoAll Company, The 
Dow Corning Corporation ... Swi12 
Duramic Products, Incorporated 
Dynatran Electronics Corporation 68 
Eagle-Picher Company, The 
EICO 
Electro Impulse Laboratory 
Electro Instruments, Inc. 
Electronic Laboratory Supply 
Company 
Electronic Research Associates 
Englehard Industries, Inc. ...... 21 
Epoxy Products, Incorporated 
Espey Mfg. & Electronics 
Corporation 
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PROGRAMMABL 
CROSSOVER 


Model 4005 is a 1-40 volf! 
500 ma, regulated DO 
power supply incorpoi 
rating AMBITROL.* The 
AMBITROL* circuit wili 


$] 43°° 


F.0.8. 
FACTORY switch automatically td 
either voltage regulation ox 
Other Models current regulation at any 
Available point predetermined by the 
Write For operator, with continuous 
Catalog control of voltage or cur- 


rent to .05%. 


Power Desions 


1700 SHAMES DRIVE 
WESTBURY, NEW YORK 


EDgewood 3-6200 (LD Area Code 516 
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Deionization by GBB means: 


INSTANT 
HIGH PURITY WATER 


Need 50 gph flows of 18-22 megohm water 
at multiple points of use? Or is your need 
10,000 gph of centrally filtered and deminer- 
alized process water? Want automatic shut: 
off at pre-selected purity? And automatic 
regeneration, including rinsing and recut- 
ting in, at the turn of a single switch? 

Whatever your specifications, when the 
deionization system is by Penfield you 
equipment arrives at the site completely 
“packaged"’ — ready to deliver the pure 
water you need instantly. There's nothing te 
assemble, no need even to test-run.* You 
just connect to existing plant lines anc 
start-up. 

Penfield service, too, deserves its ‘‘in: 
stant” reputation. 15 years of ion exchange 
pioneering means that Penfield has on file 
field-proved answers to most industrial wate 
problems — usually can detail the system 
you need by phone, ship your completely 
“packaged”’ units in a matter of days. 

Try a phone call or letter and see for your. 


*™M 


self. Clip this adv. so you won't forget. 


*Resin charges are pre-rinsed and each 
Penfield unit test-run before shipment. 


Manufacturing Co., Inc. 
Telephone: BEverly 5-1694 
19C High School Ave., Meriden, Conn. 


Industrial lon Exchange Systems « Filters 
Weir Washers « Lab Deionizers e Resins 
© 1961 PENF. MFG. CO. INC, 
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WILLIAM C. DIMAN, 


Hayes Furnace Division 
Manager, explains... 


HY ELECTRONICS 
TURN TO HAYES 


extremely Close Process Control is 
ital in manufacturing semi-con- 


Nithout this control, costs and 
crap rates go up, product perform- 
‘Since becomes unpredictable, and 
roduct life is drastically reduced. 
Whe Trend Is To Hayes— More and 
ore electronic firms are looking 
#0 Hayes for consulting assistance 
nd for equipment to solve complex 
nd exacting heat treat jobs. Here 
re some “for instances” of the 
Madvanced equipment Hayes is 
Hoffering: 

AYES BA-19D DIFFUSION 
URNACE Highly precise 
Junit assures even diffusion 
on silicon or germanium 
wafers. Extremely critical 
emp. control (reactor 
ype). Uniform “‘flat’’ zone 
in depositing chamber 
totally free from temp. 
“tipples’’. Engineered at- 
mospheres and distribution. Built-in pro- 
gram controller and instrument panel. 
Silicon carbide heating elements — temps. 
to 1350°C. Easy to maintain. Shipped 
complete, ready to operate. Type LA- 
19D furnace with nickel-chrome ele- 
ments — temps. to 1000°C. 
HAYES LAC-55M 
ALLOYING FURNACE 
Now used by many 
major electronics firms 
for alloying, metal 
bonding, soldering, 
other applications 
requiring close temp. 
control through 300°C 
to 1100°C. Unusual flexibility. 5-zone 
temp. control . . . maintain temps. within 
+42°C 


HAYES MS-31R RECIRCU- 
LATING DRYER Molecu- a 
Dryer complete with gas/ oles f) 
air recirculating unit, for 

' “dry box’’ atmospheres 

| for assembly of transist- 

* ors diodes, other elec- \ 


! tronic parts. Dew points 
} to -100°F or lower, Eco- _ 
_ nomical — replaces expensive tank nitro- 
' gen. Simple controls. Easy maintenance. 
Standard units caps. to 16,000 CFH. 
Higher caps. on special order. 
Hayes equipment covers every elec- 
tronics requirement: zone refining, 
crystal growing, alloying, metal 
bonding, glass (or ceramic)-to- 
metal sealing, vacuum heat treating, 
high temp. outgassing, air/gas dry- 
ing, atmosphere generation (hydro- 
gen, nitrogen, dissociated ammonia, 
forming gas, endo and exo gases.) 
With theoretical development work 
in the lab backed-up by a double- 
check on actual production-scale 
equipment ... Hayes can help you 
improve quality, cut costs, increase 
production. Write for Bulletin 
7 11C. 


Cc. I. HAYES, inc. 


WELLINGTON AVE., CRANSTON 10,R.1. 
Established 1905 


FURNACES) 


ni —— t 
ELECTRIC{ 
XG 


It pays to see Hayes for metallurgical 
guidance, lab. facilities, furnaces, atmos- 
phere generators, gas and liquid dryers, 
pHayes-Master (TM) control units. 
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Lepel 


HIGH FREQUENCY 
Juductiou 


eel 


Lepel induction 
heating equipment is the 
most practical and efficient 
source of heat developed for 
numerous industrial applications 


DUAL PURPOSE 
FLOATING ZONE AND 
CRYSTAL PULLING FIXTURE 


A new fixture with separate attachments 
for crystal pulling and floating zone appli- 
cations for use with a high frequency 
induction heating generator. 


THE FLOATING ZONE METHOD is used ex- 
tensively for zone refining and for grow- 
ing crystals of high purity silicon for semi- 
conductor devices by traversing a narrow 
molten zone along the length of the proc- 
ess bar in a controlied atmosphere. 


THE CRYSTAL PULLING METHOD is used for 
growing single crystals of various mate- 
rials, especially germanium, by bringing 
a seed of known crystal orientation into 
contact with the surface of the molten 
metal and slowly withdrawing the seed, 
Producing progressive crystallization. 


CRYSTAL PULLING 


The Lepel Model HCP-D consists of the 
basic unit with the traverse mechanism 
and all the controls including the controls 
for the operation of the generator, and the 
floating zone and crystal pulling attach- 
ments. The same basic support, program- 
ming and control unit is used in either 
adaptation. The major variations are in the 
attachments and the induction coils. The 
change from one application to the 
other can be accomplished in 
a very short time. 


Our engineers will process your work 
samples and return the completed 
job with full data and recommenda- 
tions without cost or obligation. 


WRITE FOR NEW LEPEL CATALOG 


UP Lich FREQUENCY 
(Ef, LABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77. N. Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE. 
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LAFAYETTE 


THE LEADING AUTHORIZED 
DISTRIBUTOR OF 


MOTOROLA 

DIODES, 
TRANSISTORS, 

RECTIFIERS 


N 


z 


OFF-THE-SHELF DELIVERY 


IT’S 
FACTORY PRICES— 
AT 
LAFAYETTE RADIO 


324-PAGE 


1961 
ELECTRONICS 
CATALOG 


The biggest, best and most comprehensive catalog 
any engineer or technician could want. Thousands of items — transistors, 
special purpose tubes, controls, transformers, miniature components, 
rectifiers, resistors, capacitors and other industrial components. Just one 


order fills all your industrial needs . ..immediate delivery at the lowest, 
money-saving prices. 
Write to DEPT. SP at any of the addresses below. 


INDUSTRIAL 
G+ =A YErrTsE ELECTRONICS 


ERA DI O DIVISIONS 


“ENTERPRISE” NUMBERS IN MAJOR CITIES 
e i 


NEW YORK JAMAICA BOSTON NEWARK PLAINFIELD 
oo siti Ges bas SIE re AYE. 110 FEDERAL ST. ' 24 CENTRAL AVE. 139 W. 2nd ST. 


NEWARK 2, N, J. 


PLAINFIELD 
MARKET 2-1661 i 


WORTH 6-5300 PLAINFIELD 6-4718 


TWX: NY 1-648 


AXTEL 1-7000 


HUBBARD 2-7850 
TWX: NY 4-933 


TWX: BS-447U 


t 
t 
a 
' 
BOSTON 10, MASS. ! 
| 
| 
i 
t 
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good reasons for | 


ajor manufacturers of semiconductor devices have found 
mat Knapic Electro-Physics, Inc. can provide production 
antities of highest quality silicon and germanium mono- 
-ystals far quicker, more economically, and to much tighter 
decifications than they can produce themselves. 


. . 
‘he reason? Knapic Electro-Physics are specialists with ac- 
slerated experience in growing new materials to specification. 


y not let us grow your crystals too? 


Check These Advantages 


(tremely low dislocation densities. 

ght horizontal and vertical resistivity tolerances. 

jameters from 1/,” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10”. 
w Oxygen content 1x 10!” per cc., 1x10! for special Knapic small diameter material. 
oping subject to customer specification, usually boron for P type, phosphorous for N type. 


fetimes: 1 to 15 ohm cm.—over 50 microseconds; 15 to 100 ohm cm.—over 100 micro- 
conds; 100 to 1000 ohm cm.—over 300 microseconds. Special Knapic small diameter 
aterial over 1000 microseconds. 


Specification Sheets Available 


7 
Dislocation density, Knapic silicon 
monocrystals grown by a modified 
Czochralski technique: Crystal 
diameter to ¥%”—None; %” to %"— 
less than 10 per sq. cm.; %” to 


1%"—less than 100 per sq. cm.; 
1%" to 2” less than 1000 per sq. cm. 


Snipes OD 
e e 
apic Electro-Physics, Inc. 
936-40 Industrial Ave., Palo Alto, Calif. * Phone DAvenport 1-5544 
SALES OFFICES: 
Eastern—405 Lexington Avenue, New York, N. Y. e Phone YUkon 6-0360 


Engiand—16 Cook Street, Liverpool 2 . Phone Maritime 1041 
Europcan—#2 Prins Frederick Hendriklaan, Naarden, Holland e Phone K 2959-8983 


... Also manufacturer of large diameter silicon and germanium lenses and cut domes for infrared use 
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actual size 


HY PERCON® 
CAPACITORS 


f Ultra-high capacitance 
fl Low voltage 

fi Miniature size 

{ Low Cost 


Designed for use in semi-conductor and other low-voltage circuits, 


these new Hypercon Disc Ceramic Capacitors offer capacitance values S NOE 2a 
formerly associated only with electrolytic capacitors. Yet they are only ES ae EAE: io 


a fraction of the size of comparable electrolytics . .. and sold at only a 
fraction of the cost! 


Hypercons have excellent stability, exhibiting no loss in capacitance 
when operating above room temperature. Their triple-purpose resin 
Coating serves as insulation as well as protection against moisture and 
mechanical damage. 


Hypercons are in mass production now, available for prompt 
delivery, For detailed specifications, write for Engineering Data 
Sheet 6141A to Technical Literature Section, Sprague Electric 
Company, 467 Marshall Street, North Adams, Massachusetts. 
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CAPACITORS © RESISTORS « MAGNETIC COMPONENTS » TRANSISTORS « INTERFERENCE FILTERS © PULSE-FORMING NETWORKS » PIEZOELECTRIC CERAMIC: 
HIGH TEMPERATURE MAGNET WIRE © — CERAMIC-BASE PRINTED NETWORKS + PACKAGED COMPONENT ASSEMBLIES »* FUNCTIONAL DIGITAL CIR 
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